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THERE is CS Tice, 


Yes, there js something new under the sun. Science is proving 
th With new discoveries. New explorations 
New concepts 

Nowhere is this more evident than in the field of technology 
For example: On the drawing boards of Lockheed Scientists 
and Engineers, new designs are constantly being born 
designs in Spacecraft and Aircraft that will reinforce and 
enlarge our growing knowledge of Outer Space 

These new designs are rapidly developing. And their num 
Yet it to 
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To keep pace, Lockheed needs more Scientists, 


; every day 


ber is rapidly increasing. The pace is fast needs 


bec 
more Engineers. Result? The future for Lockheed was never 
more promising—the opportunities never greater 

Lockheed feels that trained men will do well 
thoughtfully the Company's current openings. Notable among 


ome faster 


to examine 


thermodynamics eng 


Aerodynamics engineers; 


these are 


neers; dynamics engineers; electronic research engineer 
servosystem engineers; electronic systems engineers; phy 
cists (theoretical, infrared, plasma, high energy, solid 
optics); hydrodynamicists; ocean systems scientist physio 
psychological research specialists; electrical-electronic desigr 


engineers; stress engineers; and instrumentation eng 
Scientists and Engineers: To learn more about the oppor 
tunities at Lockheed E. W 
Professional Placement Staff, Dept. 1706 
Way, Burbank, California 


consideration for employment 


write Mr 
2404 No. Hollyw 

Ail qualified applicants will receive 
without regard to race, 


creed 
color, or national origin. U.S. citizenship or existing Departmer 


of Defense industrial security clearance required. 
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~.. | An example of Intermountain Solid State Circuit design capability... 


state, 


sv | SOLID STATE CIRCUITRY TAILORED 10 YOUR SYSTEM NEEDS 


eers 


por 


— You get built-in reliability . . . savings in design time . . . scheduled delivery 

NOOG . r 
— when your complex system circuitry is designed to your specifications and 

>eive a* ‘. 2 : ’ a : ‘ ‘ 

ned processed into Standard or Miniaturized Solid State Printed Circuit Cards by 
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ment the Intermountain Branch of the Curtiss-Wright Electronics Division 
Whether it is a Printed Circuit Card tailored to your application . . . or one 
Intermountain Branch of the proven standard Intermountain Solid State Printed Circuit Cards — 
CURTISS-WRIGHT you can put Intermountain Solid State design capability to work for you in 
CORPORATION circuits . . . instruments . . . or systems. Write today for information and a 
Electronics Division quotation on your requirements 


iON P.O. Box 10044 Albuquerque, New Mexico 
Telephone: 345-1661 
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What cana skipping stone teach us 


about re-entry from space? 








One promising approach to the problem of atmosphere 
re-entry is called the skip-glide path. The spaceship 
would follow an undulating trajectory, glancing off 
the atmosphere to lose its speed, much as a stone skips 
across the water. The necessary lift might be provided 
by a deployable pneumatic wing which would inflate 
on entering the atmosphere. 

This and other approaches to aerospace deceleration 
are now being studied and evaluated at Northrop's 
Radioplane Division as part of its comprehensive pro- 


gram in landing and recovery systems. Long recognized 


4 


as the leader in all aspects of paradynamics, Radioplane 


is fast becoming the industry's standard for space and 
aerospace landing systems. Active programs now in- 
clude lunar soft landing studies, aerospace decelerators, 
and re-entry drag devices as well as recovery and land- 
ing systems for all manned space vehicles actively 


scheduled by the U.S. 
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THE COVER 

Atlas ICBM lifts off successfully from coffin- 
type launcher at Vandenberg AFB May 24. 
Shot by SAC crew was described by AF 


as an “operational and testing exercise.” 
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PROPELLANT BRIEFS 


Diborane BH, 

Pentaborane B;H, 

Decaborane ByioH), 

Triethyl borane B(C,H;), 
Hydrazine Diborane B,N.Hjo 
Lithium Borohydride LiBH, 
Nitronium Perchlorate NO,CIO, 
Nitrogen-Fluorine Compounds 
Advanced Perchlorate Compounds 





Callery’s Energy Store is well stocked 
... pick the one that fits 


Not satisfied with the achievement of bringing boron fuels from test-tube 
to tonnage production, Callery’s restless scientists are exploring new and 
even more advanced areas of energy for propulsion. We invite you to try 
on some of our compounds for a “fit” to your needs. Or perhaps one of the 
still-hatching ones can be tailored to your program. If you are interested 
in working with a stimulating group of researchers with a wide open field 
ahead, get in touch with Callery . . . at Callery, Pa., or at 15537 Lanark 
Street, Van Nuys, California. 


Callery Chemical Company, Defense Products Department, Callery, Pennsylvania 
Please send Technical Bulletins: 

[} C-1300 Pentaborane [)]C-020 Diborane 
Triethylborane [) C-130 Lithium Borohydride 
[) Data Sheet—Hydrazine Diborane 


[}C-070 Decaborane []C-310 
[] C-1200 Nitronium Perchlorate 


(information on Nitrogen-Fluorine Compounds and Advanced Perchlorate Com- 
pounds available to qualified investigators on a need-to-know basis) 
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Company ; <a 
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Pro MR-3 Publicity 


To the Editor: 

I was rather startled at the reaction to 
your editorial on publicity prior to the 
Mercury shot. I certainly did not feel that 
the editorial was “Communistic,” but I do 
not entirely agree with it. 

Granted, the glare of publicity was 
almost overwhelming. There was certainly 
too much—or at least too much of the 
wrong type of publicity. Yet, it has proven 
most useful that we did have publicity. 

Looking at our publicity effort, ii 
strikes me that in some respects this is 
exactly the type of way it would have beer 
handled were the United States the only 
country with a space effort. In such a case 
failure or success would be equally “im 
pressive” to an attentive world; had we no 
competitors, the very fact of our doing the 
experimentation would be enough. A fail 
ure, in such a case, would still be a demon 
stration of imaginative experimentation. 

Such, however, is not the case. We are 
competing for space with another power, 
a power both vigorous and aggressive. And 
in many aspects we are behind in our race 

Each side has several advantages. In 
the case of the Soviet, their triumphs can 
be publicized and their defeats buried. This 
certainly presents a picture of a fairly fool- 
proof technology, which is exactly the pic- 
ture they wish to. present. 

In the case of tue United States, our 
failures are brought out into the light, 
showing that we do not have a perfect 
technology. This is bad. On the other hand, 
the successes are felt all the more because 
the listening world can share in the experi- 
ence. And this is why the world was at 
least (if not more) thrilled with the sub- 
orbital shot of CDR Shepard than with 
the orbital flight of Major Gagarin. 

Now let’s examine what would happen 
if we clamped as rigid a censorship on our 
shots as the USSR does on theirs. At the 
present, the USSR has more massive ve- 
hicles than the U.S. has. If we tried to 
compete for them on this basis, we would, 
in my opinion, lose much ground. All the 
Soviets would have to do would be to 
launch a really massive missile. All our 
efforts and announcements would look like 
a pure case of “me-too” to the rest of the 
world. 

Let’s face it; our advance publicity- 
harmful as it can be—is our greatest coun 
teroffensive weapon to the Soviet shots 
Not only does it give the rest of the world 
a rapport—a feeling of sharing in the ven- 
ture, but in addition it demonstrates graph- 
ically the meaning of a free press. 

This goes deeper than mere “sour 
grapes”-ing. It is immaterial whether the 
USSR had 20% or 100% successes in their 
shots. What is important is that people can 
see what happens while it is going on, not 
after it is an accomplished fact. 

This leads us to a problem: how does 
one handle the publicity properly? The 
Vanguard publicity demonstrated crush- 
ingly that there is certainly a wrong way 
to go about it, even if it does pay off as in 


missiles and rockets, June 5, 1961 





m to 
the 
that 
I do 


was 
ainly 
r the 
oven 
ty. 


is is 
been 
only 
case 


fe no 
g the 
fail- 
mon 


e are 
wer, 
And 
race 
5. In 
} can 
This 
fool- 
- pic- 


our 
light, 
Tfect 
land, 
vause 
peri- 
as at 
sub- 
with 


ppen 
} our 
t the 
> ve- 
d to 
ould, 
1 the 
e to 

our 
- like 
f the 


ity— 
oun- 
hots 
vorid 
ven- 
‘aph- 


‘sour 
+ the 
their 
> can 
, not 


does 
rush- 
way 


as in 


961 





he case of CDR Shepard's shot. The Soviet 
nethod has its faults, too, in that it does 
not allow identification with the project. 

I fully believe that the answer is to re- 
channel our publicity. Certainly, the public 
should be allowed to share in the launch- 
ing of a bird, but even more important, the 
world should be made aware of the in- 
credible complexity of a rocket as an in- 
tegral part of the publicity. There should 
be a cold appraisal of the chances for 
failure, and not mentioned in an offhand 
manner. There should be, in addition, a 
demonstration of what data can be ob- 
tained even from a failure. Naturally, this 
information can be classified, but certainly 
it can be demonstrated what sort of data 
can be used. 

As for “failure journalism,” this can be 
classified two ways, too. There is both 
constructive and destructive journalism in 
this respect, too. If my somewhat creaky 
memory does not play me false, Milton 
Rosen, in his book The Viking Rocket 
Story—the first edition, at least—mentions 
both kinds when experimentation was start- 
ing on that vehicle. 

Granted, the Public likes to see an ex- 
pensive fireworks display. They like to 
Swell With Pride upon attainment of the 
objective. But if a little more detail of 
how much information can be obtained on 
a partial success—a “failure” to the Public, 
it would help a great deal to place missile 
operations in the proper light. That goes 
not only for our country, but for the world. 

Let’s keep our publicity—it would be 
a crime to throw it away. But let us learn 
what publicity is appropriate, and develop 
the correct way of presenting it. That's the 
easiest way to win this game. Perhaps the 
only way... 

Stephen A. Kallis, Jr 
Buffalo, N.Y. 


Moon’s Potential 


To the Editor: 

I am somewhat concerned about the 
apparent lack of national interest regard- 
ing the Moon. Our policy seems to be, 
“What's the hurry; it’s just a big rock in 
vacuum.” I strongly suspect that this is as 
far short of the truth as one can get. 

For one thing, the geophysics of a body 
is likely to be strongly modified by its mass 
and density. Probably the cooling of the 
Moon followed a drastically different course 
than that of the Earth. One assumption 
which could be made is that the Moon 
developed a crust much earlier than Earth, 
and then continued to cool until it was 
sensibly totally solid. This should have led 
to the formation of numerous shrinkage 
voids. 

During the period between crust forma- 
tion and final interior solidification, a struc- 
ture consisting of concentric thermo-shells 
may have developed. These in turn may 
have involved the formation of layers of 
shrinkage voids till a depth was reached 
where pressure would no longer allow such 
formations to exist. As each cell formed 
and shrank, a new cycle of volcanic ac- 
ivity could be expected to occur. The 
esulting lava flows would often force 
hrough to the surface and repeatedly form 

(Continued on page 46) 
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KEARFOTT 
SYNCHROS AND RESOLVERS 
FOR GIMBAL APPLICATIONS 


Precision wound components for direct mounting to gimbal struc- 
tures are now available for application in gyros, platforms and 
other devices. These components can be supplied with or with- 
outout appropriate precision bearings. 


A wide range of mounting configurations are available and special 
adaptations can be provided. High accuracy components, featur- 
ing maximum error of 20 seconds of arc are in quantity produc- 
tion. Improved accuracy can be provided as required. Materials 
used as housing can be either aluminum or beryllium weight 
reduction. Stainless stee! housings for rigidity and corrosion 
resistance are available in many standard units. 


Typical gimbal mounted components are tabulated below. Spe- 
cial units are available with beryllium housings and include two 
multipole (equivalent to 25 speed) units with accuracy of 12 
secs/speed. The CZ 06311 001 is a synchro transmitter, the 
CZ 09623 001 is a combination transmitter-DC torquer con- 
centrically mounted. A ‘‘piggy-back,"’ two unit transmitter, one 
3 wire the other 4 wire with stack height of 1” is also available. 


SPECIFICATIONS 


Typical 

Part Numbers Size Function Excitation Accuracy 

325720 8 Resolver 2V 400 cps 15 min 

325721 

Diometer 750” th 1 250” rhe 

326390-001 Resolver 20V 900 cps 3 min 
Transmitter 
7? era en ) oround o smolier unit] 
Resolver 115V 800 cps 20 sec 

Transmitter 


Resolver 115V 800 cps 


Resolver As required 
209984 
High occurocy mach sto “ ‘ , ting with 9 
326210-006 Synchro As required 
Vorious hub ond housin nfigurations ava: lable 


1/326360-006 Resolver 115V 800 cps 


(High accuracy transfor 


Write for complete data 


KEARFOTT DIVISION 
D GENERAL PRECISION, INC. 





Little Falls, New Jersey 
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in early 1960, American craft pierced the North Pole in two elements. Fathoms below solid ice, the USS Sargo 
probed unerringly to ‘90 North"; miles above, a GAM-77 missile on a B-52 pinpointed the featureless goal. Both 


used Inertial Navigation systems by Autonetics —where today's results pave the way for tomorrow's breakthroughs. 


: , 
Electromechanical Systems by A u t oO a et I Cc Ss 4, Division of North American Aviation 





i The Countdown 


WASHINGTON 


Polaris Moves to the Med 


Whether or not NATO accepts President Kennedy's 
offer of five Polaris submarines, the second squadron of 
U.S. missile-launching submarines probably will operate 
in and out of the Mediterranean Sea. The second Polaris 
tender, the Hunley, is expected to seek a southern Euro- 
pean anchorage either in the Mediterranean or possibly 
somewhere on the coast of Portugal. 


Mobile Minuteman: Four Cars Coming 


Despite the shut-off of new money for the mobile 
Minuteman in FY °62, four Minuteman train cars will be 
completed for tests with earlier funding. The ACF-AMF 
cars include: Two launch cars, one power car and one 
command car. The first launch car already has been com- 
pleted and delivered to Boeing. 


Mercury Present: A Fiscal Demise Soon 


NASA is planning to end the Mercury program as 
such after it accomplishes the first manned orbital flight 
at a total cost of about $408 million. From then on, all 
Mercury capsule shots will be conducted as part of the 
Apollo program. 


Mercury Future: Men and Monkeys 


The expected post-orbit program: Astronauts launched 
into orbit for as many as 18 times around the earth. 
Monkeys launched into orbit in modified capsules for as 
long as a week. Other passengers may include mice. 


Special Barge To Deploy ASW Test Net 


The Navy is reported to be converting an ammunition 
barge for laying on the Atlantic floor new Artemis test 
receivers for long-range detection of submarines. The 
high-gain receivers are attached to marine cable laid from 
the barge, which is being outfitted with special handling 
equipment and receiving elements designed by Pneumo- 
Dynamics Corp. 


INDUSTRY 
NASA—Growing Market 


Expanded base of space operations being laid down 
by President Kennedy will have a Topsy-like effect upon 
NASA. Continued acceleration of the man-in-space pro- 
gram in the race for the moon—along with allied projects 
—should easily push NASA's budget past the $2 billion 
mark in FY °63. (The latest Kennedy revision puts the 
FY ‘62 figure at $1.8 billion.) Spending by the agency 
could reach a $3-$4 billion level in the mid-60's. A year 
ago this figure was considered rather optimistic. 


Sea Launch: Industry View 


Despite the indifference of NASA and the Air Force, 
rocket industry executives feel the country eventually 
will come around to using sea launch techniques for big 
boosters—both liquid and solid. Sea launch, they point 
out, could be a way of expediting the space program by 
bypassing the need for special handling and launch equip- 
ment. Some people think the only Air Force objection is 
that the Navy would be in on the scheme. 
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R&D Intelligence 


Unconfirmed reports have NASA using a $5-million 
increase in tracking station construction money to build 
a 200-ft. antenna near the Washington, D.C., area— 
although it’s not known yet whether a dish of this size 
is feasible. . . . Boeing (which has just let $40 million in 
Dyna-Soar subcontracts) is modifying a B-52 for sub- 
sonic air drops of the Dyna-Soar glider. . . . COUNTDOWN 
hears NASA is eyeing the possible development of a 15- 
million-Ib.-thrust single-chamber liquid rocket engine. 


Silence at Vandenberg 


There's still no Air Force explanation of the explo- 
sion which demolished the Titan J Operational Silo Test 
Facility at Vandenberg AFB last Dec. 3. Whether the 
accident was caused by a sudden failure of the missile- 
bearing elevator or for some other reason has never been 
cleared up, even though the Air Force is apparently 
abandoning this facility. 


Titan ll Underrated? 


Officially, thrust of the 150-ton Titan I is pegged at 
430,000 Ibs. for the first stage and 100,000 Ibs. for the 
second. But COUNTDOWN hears the figures could be, re- 
spectively, 500,000 Ibs. and 120,000 Ibs. Second stage is 
reported to be 10 months ahead of schedule. 


INTERNATIONAL 
French FBM in '69? 


A nuclear-powered submarine program will reach the 
building stage during 1963 in France. The three subs in 
the program, however, aren't expected to be ready for 
testing until 1967 or to become operational with a Polaris- 
type missile until 1969. 


Calling South America 


NASA is angling with Brazil and other Latin America 
nations to join in a communications satellite program. The 
apparent aim: to improve Latin American relations. 


Overseas Pipeline 


France may follow West Germany as the second 
European NATO nation to buy Martin Pershing tactical 
missiles. . . . Martin’s George Bunker, incidentally, says 
his company is prepared to establish production agree- 
ments with European companies, but has no desire now 
to either establish its own facilities there or buy into 
European firms. . . . Hughes Aircraft has an agreement 
with France’s Thomson Houston to launch a smaller ver- 
sion of the Hughes communications satellite aboard a 
Scout vehicle. . . . France’s SEPR propulsion firm con- 
firms it is making a sales/technical information deal with 
Thiokol Chemical Corp. on solid motors. 


Eyes Mercury Equipment 


On his tour of the British Trade Fair in Moscow, 
Premier Khrushchev indicated Russia may have some use 
for the U.S. Mercury program. The Kremlin boss noted 
a display of SARAH (search, rescue and homing) equip- 
ment made by Ultra Electronics and employed in Mer- 
cury, and allowed that Russia “may well” have require- 
ments for it. 
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SUPPORT 
FOR 
THE 
SPACE 
AGE 





Since the early days of “wireless” 
Blaw-Knox has been designing, fab 
ricating and erecting towers and spe 
cial structures to support equipment 
used to penetrate space. This long 
experience with the problems in 
volved in this field is the reason sys 
tems companies and governmental 
agencies continue to utilize Blaw 
Knox specialized facilities 

Call Blaw-Knox early in the plan 
ning stages for consultation and as 
sistance on the design and fabrica 
tion of either prototype or produc 
tion items. Blaw-Knox Company, 
Pittsburgh 38, Pennsylvania 


SPECIAL STRUCTURES AND TOWERS FOR 
TRACKING, PROBING, SEARCHING, 
COMMUNICATION EQUIPMENT 
am 
BLAW-KNOX 
Specia/ Structures 
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The Missile 


Labor Front Brightens 


Outlook in the missile and space 
| base construction picture picked up 
| somewhat last week with two actions: 
Labor and management pledged 
a no-strike, no lock-out compact to 
the Administration 

The Administration set up an 
11-man Missile Sites Labor Commis- 
sion to handle disputes and direct 
labor-management negotiations when 
needed 

First evidence of the new system 
came with the settlement of a month- 
long dispute at Cape Canaveral be- 
tween Radio Corp. of America and 
two photographers’ unions 





Shots of the Week: 


One of Nike-Zeus’ big radars 
tracked an Atlas target over the At- 
lantic Missile Range for the first time 
May 27. 

The test was a prelude to actual 
Nike-Zeus firings at Atlases launched 
from Vandenberg AFB, scheduled 
for January, 1962. In last week’s 
shot, a radar at Ascension Island 
tracked an Atlas fired 4500 miles 
away from Cape Canaveral. 

The Air Force announced the 
successful launching of an Atlas from 
Vandenberg AFB May 24. The bird 


First Photo of Nord’s Entac Weapon 


Space Week 





(see cover) was raised from a hori 
zontal emplacement and fired in ar 
operational and testing exercise. 

An advanced model Navy Polar: 
had its first failure in three firing 
from the USS Observation Islan 
May 25. It was destroyed second 
after launch when it veered out o 
control 


X-15 Scores Again 


NASA pilot Joe Walker pushed 
the X-75 to a new speed mark of 
3307 mph at an altitude of 82,890 ft 
The XLR-99 engine ran for 73 sec 
onds, boosting the X-J5 to 107,500 
ft. total altitude and raising the lowe 
forward fuselage to 680°F. Walke: 
experienced 50 seconds of weight 


lessness 


Symington Scores ‘Sneaks’ 


Anonymous “sneaks in uniform’ 
who covertly make disloyal attacks 
on the Administration’s defense poli 
cies were attacked by Sen. Stuart 
Symington (D-Mo.), long schooled in 
Pentagon politics. 

Symington said certain top mili 


tary officials work anonymously 


through “favorite press outlets” to 
superiors. He 


attack their civilian 





TWO WARHEADS for the Entac antitank missile which the Army is buying to replac 


the SS-10 (M/R, March 17, 1961, p 


14). Nord Aviation is the prime contractor. 
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challenged officers who want to criti- 
cize to “resign and do so openly.” 


New Lineup at Gen. Dynamics 


Heads of four operating divisions 
of the former Convair division have 
been named presidents of the new 
General Dynamics divisions: 


J. R. Dempsey, former Convair 
Astronautics chief, to president G-D 
Astronautics. He has directed the 
company’s Atlas program since 1954. 

Charles F. Horne, formerly Con- 
vair/Pomona, to G-D/Pomona. 
Frank W. Davis, Convair/ Fort 
Worth president, to G-D /Fort Worth. 
Robert C. Loomis, Convair/San 
Diego, to G-D/Convair, the only 
division to retain the Convair name. 


Army Maps ORO Replacement 


Top Army and research organiza- 
tion personnel will meet in New York 
this Wednesday, June 7, to set up 
a defense research group to replace 
the Operations Research Office. 


Relations between the Army and | 
ORO, part of Johns Hopkins Uni- | 


versity, were severed after long- 
standing disputes over control of 
research. 

Gen. Omar Bradley and a num- 
ber of executives of Be!! Telephone 
Labs and Massachusetts Institute of 
Technology are rumored to be in on 
the planning of a new organization. 
Most observers see the new group as 
a counterpart of The Rand Corp., 
non-profit private corporation which 
handles research for the Air Force. 

Many of ORO’s senior scientists 
apparently have been invited to join 
the new corporation, although Dr. 
Ellis A. Johnson, ORO’s director, 
has not. 


Dr. Johnson has been quoted as 


attributing part of the difficulty to | 
the fact that “the Army has wanted | 


to run the research—and that we 
couldn’t tolerate.” He also charged 
that a “conservative group now in 
control of the Army” wanted to avoid 
any controversial research. 

Johnson was critical of secrecy 
on research findings which he said 
existed between services. 

Sources at ORO said that the 
Army had been displeased with what 
it considered leaks of classified in- 
formation by members of the re- 
search organization. 


nissiles and rockets, June 5, 1961 


Bristol choppers 
help first U.S. Astronaut 
maneuver space capsule 


Four Bristol Syncroverter* choppers formed a vital part of the infrared 
horizon sensors manufactured by Barnes Engineering Company, Stamford, 
Conn., and carried aloft in NASA’s MERCURY capsule by the first U.S. astro- 
naut to reach outer space. 

The Bristol choppers function as sensitive phase detectors in the sensors as 
they establish a horizontal reference plane for the vehicle. 





Infrared Horizon Sensor undergoes rigorous optical, mechanical, and electrical checks at 
Barnes Engineering Co. One Bristol chopper is located in foreground, in front of gear. 


Bristol Syncroverter* choppers, noted for low noise, long life and high reli- 
ability, are finding a vital place in more and more missile guidance systems, 
as well as in analog computers, d-c amplifiers, and test equipment for indus- 
trial applications. More than 200 models available. Write for complete details. 
The Bristol Company, Aircraft Equipment Division, Acco 
173 Bristol Road, Waterbury 20, Conn. ’ 
A Subsidiary of American Chain & Cable Company, Inc. 





*T.M. Reg. U.S. Pat. Off. 1.4 
BRISTOL ... engineers for precision, builds for reliability 
Circle No. 7 on Subscriber Service Cord 1] 
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New Budget Revision Could Lea 


Major shift seen in move by 
Kennedy to press U.S. space 
program forward for defense 
potential as well as gains 
in non-military technology 


by James Baar 


THE Kennedy Administration is ap- 
parently leaving a wide door open for 
the development of a manned military 
space force under the newly-revised 
space budget. 

This amounts to a major policy shift 
that could prove to be far more sig- 
nificant than President Kennedy's an- 
nounced decision to pit the United 
States openly against Russia in a race 
to put men on the moon. 

The Eisenhower Administration re- 
peatedly insisted that there was little 
future for manned spacecraft of any 
kind, let alone military spacecraft. The 
Kennedy Administration, confronted 
with continuing Soviet space triumphs 
and mounting evidence that the Rus- 
sians are developing a military space 
capability, has clearly reversed the 


Eisenhower position at least as far as 
scientific space exploration is concerned. 

Moreover, key parts of the $679 
million in additional space funds which 
Kennedy requested Congress to author- 
ize in his personal message May 25 
open the way for possible development 
of a military space force. 

The key parts are: 

—A_ solid-propellant Nova super- 
booster, for which $62 million was re- 
quested for the Defense Department. 
This reversed the ban on development 
of big boosters by DOD. 

—The liquid-propellant Nova, for 
which $76 million more was requested 
for NASA. This is for acceleration of 
the long-under-funded F-1 engine, de- 
signed to develop 1.5 million pounds of 
thrust and for beginning the design of 
a vehicle envelope. 

~Titan Il, for which $15 million 
was requested for the Air Force to con- 
vert it for space work, and the Rover 
nuclear-powered rocket program, for 
which another $23 million was requested 
for NASA. 

—Apollo, for which $130.5 million 
more was requested for NASA to 
greatly accelerate earlier plans for de- 
velopment of a three-man orbital and 
lunar spacecraft. 

The long-delayed Nova super- 
boosters are considered essential for 
many major military space systems as 
well as scientific programs such as lunar 
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exploration. Both space-oriented Tita 
Il and Rover are considered to havc 
dual scientific-military capability. Anx 
much technical information from the 
Apollo program and related projects wil 
be useful in designing military systems 
The Kennedy requests carried m 
additional funds for such Air Forc 
study projects as ASP—the aerospac: 
plane—and Silomar, a space logistics 
system. Although funding for suct 
starved projects was sought by Air Force 
officials, the proposals apparently were 
shelved by the Defense Department. 
@ Insurance policy—-The Adminis 
tration decision—at least for the pres- 
ent—appears to be to advance a number 
of important areas of U.S. space tech- 
nology at an urgent rate so that the 
information will be available if needed 
later for military systems. Meantime, as 
much of the work as possible will be 
done by NASA to advance U.S. scien- 
tific prestige and to avoid the charge 
of trying to exploit space militarily. 
Implicit in this approach is the ten- 
dency of the Kennedy Administration 
to take out insurance policies while de- 
ciding what it wants to do—a tendency 
clearly demonstrated in the Kennedy 
defense budget for FY °62. 
Kennedy and Defense Secretary 
Robert McNamara apparently have 


neither accepted nor rejected the re- 
peated warnings from Air Force officials 
and a number of top civilian experts 
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ado Military Man-in-Space 
ea that the United States must develop a nology and we would be in a very bad number set in the March revision. 
And military manned space force to combat way if we had not laid the basis for : The Space Task Group, which is 
a an a growing Soviet military space threat. this technology.” directed by Robert R. Gilruth, will man- 
3 will Therefore, while delaying a decision on Precisely what NASA and the De- age the Apollo program as it has man- 
such programs, the Administration is fense Department planned to do with aged Project Mercury. Present plans call 
ea buying dual capabilities that can be the new space funds was not immedi- for establishing the organization in a 
eee used by NASA. ately clear in all areas. $60-million manned space flight labora- 
spac: The President, in his message to © Boom for NASA—The NASA _ ‘Ory that is included in the newly re- 
pistics Congress May 25, avoided any mention part of the accelerated program is based vised budget. 
ona of military space programs at all. His on proposals put together by a 27-man ® Food for Apollo—tThe heart of 
Ragne official statement did not even mention task group representing various NASA _ the proposed NASA increase is $376 
ware that $77 million of the increase was centers. The DOD part of the program million for R&D programs. Of this 
oy for the Defense Department. is understood to be the proposal sub- $130.5 million is tagged directly for 
; Only once did he even hint at the mitted by McNamara. The program— Apollo, but much of the remainder plus 
pond element of national security involved in Kennedy's second revision of the Eisen- much of the additional $173 million for 
ed the space program. He said it was time hower space budget—was put together personnel and construction contribute 
imber for “this nation to take a clearly leading under the impetus of Soviet Cosmonaut directly or indirectly to the Apollo 
tech- role in space achievement” which may Gagarin’s historic orbiting of the earth program. 
t the “hold the key to our future on earth.” April 12. The $130.5 million for Apollo 
ceded Dr. Hugh Dryden, NASA deputy If the program is passed by Con- would bring to $160 million the total 
Be, as administrator, raade the point far more gress—and passage is generally expected in the budget request for the program. 
ill be bluntly three days later on the NBC —NASA will begin a major expansion. The Eisenhower Administration origin- 
ee program “Meet the Press.” He said: Plans call for hiring 3300 scientists, ally requested only $29.5 million. Noth- 
harge “In ordéér to send a man to the moon technicians and other employees. That ing additional was sought in the first 
y: it will be necessary to finance and stimu- Will increase the NASA payroll from Kennedy revise in March. 
p ten- late advances in science which perhaps the 18,122 total proposed under the The new FY ‘62 Apollo program 
ration are not of the exact nature that might first budget revision last March. will include the letting of R&D hard- 
le de- have been done without such an inte- The biggest personnel increase— ware contracts on the spacecraft and 
dency grating force or such a goal....If you 1000 employees—is planned for the work on the internal propulsion system 
inedy like it is insurance against winding up Marshall Space Flight Center at Hunts- that will enable the spacecraft to land 
the end of this decade with a science ville, Ala. The March revision set the on the moon and take off for the return 

etary and technology inferior to that of an- Marshall payroll at 5960. trip to earth. At least three stages of 
have other nation which has pushed forward The second biggest increase—800— propulsion are expected to be required 
Bot along the frontiers. is planned for the Space Task Group at for this. The lunar-landing Apollo may 
icials “It is also. . . insurance against mili- Langley Research Center, Langley AFB, weigh as much as 75 tons. 
ports tary use being made of the new tech- Va. The addition nearly doubles the e And for Nova—Along with 





NASA May Need Months to Plan Added Apollo Spending 


NASA is still in the throes of 


how it can spend 
the $160 million being earmarked for the Apollo three-man 
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CENTAUR (on 


Titan Il, to increase 


Atlas) may also go on 
booster capability 


Apollo, one of the biggest increases in 
the new requests is for the liquid- 
propellant Nova. The earlier budget re- 
quest already contained $42.3 million 
for R&D work on the F-1 Rocketdyne 
engine. The new request includes $48.5 
million to begin work on the liquid- 
propellant Nova vehicle; $15 million 
more to accelerate the F-1; and $28 
million for Nova launching and devel- 
opment facilities—a total addition of 
$91.5 million 

In all, the budget request now car- 
ries $133.8 million for Nova. Another 
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NASA CONCEPTS for Apollo show modular approach, including imboard propulsio 
for lunar landing and take-off. Latter concept is here depicted for first time 


$64.2 million has been authorized for 
the Nova program since FY ‘60. 

© Bones for Rover—Besides Nova, 
the new requests also carry for propul- 
sion an extra $30 million for develop- 
ment facilities in general and $23 mil- 
lion more for Rover. Most of the Rover 
money—$15 million—is for the con- 
struction of engine test facilities. The 
remainder brings to $36 million the 
Rover R&D money requested. 

However, despite the added empha- 
sis on Rover, NASA has made clear it 
believes that winning the race to the 











NASA FY '62 R&D 
Eisenhower First Kennedy Second Kennedy 
Budget Revise Revise 
(January) (March) (May) 
Support of NASA plant $ 74,310,000 $ 77,110,000 $ 89,110,000 
Research grants and contracts 7,600,000 7,600,000 7,600,000 
Life sciences 8,620,000 8,620,000 20,620,000 
Sounding rockets 7,000,000 7,000,009 9,000,000 
Scientific satellites 64,700,000 64,700,000 72,700,000 
Lunar and planetary exploration 103,899,000 103,899,000 159,899,000 
Meteorological satellites 28,200,000 28,200,000 50,200,000 
Communication satellites 34,600,000 44,600,000 94,600,000 
Mercury 74,245,000 74,245,000 74,245,000 
Apollo 29,500,000 29,500,000 160,000,00) 
Launch vehicle technology 15,000,000 15,000,000 27,000,000 
Launch operations development 9,500,000 1,500,000 1,500,000 
Spacecraft technology 10,360,000 10,360,000 10,360,000 
Solid propulsion 3,100,000 3,100,000 3,100,000 
Liquid propulsion 68,700,000 78,020,000 93,020,000 
Electric propulsion 6,800,000 6,800,000 6,800,000 
Nuclear systems technology 24,000,000 28,000,000 36,000,000 
Space power technology 5,500,000 5,500,000 5,500,000 
Scout 3,675,000 3,675,000 3,675,000 
Delto 2,900,000 2,900,000 2,900,000 
Centaur 30,800,000 56,400,000 56,400,000 
Saturn 168,160,000 224,160,000 224,160,000 
Tracking and data acquisition 38,650,000 38,650,000 38,650,000 
Nova — — 48,500,000 
Total appropriation 

requests $ 819,819,000  $ 919,539,000  $1,295,539,000 








moon will depend on the development 
of liquid or solid super-boosters. NASA 
officials feel that the nuclear-powered 
rocket will not be available soon enough 

The second Kennedy space revision 
carried extra funds for three major 
vreas other than manned space flight 
One—scientific unmanned space ex- 
ploration—treceived $66 million. The 
second—communication satellites—re- 
ceived $50 million more, bringing the 
total in the budget to $94.6 million. 

The third—weather satellites—tre- 
ceived $75 million: $53 million would 
go to the Weather Bureau; the remain- 
der would go to NASA, bringing the 
total in the NASA budget for weather 
satellites to $50.2 million. 

No additional money was requested 
for the Saturn  1.5-million-lb.-thrust 
clustered booster which already had 
$224.1 million in the first NASA 
budget revision for R&D—a $56 million 
increase over the Eisenhower budget. 

The first revision also includes for 
Saturn $4 million to shave one year off 
construction of a second static test stand 
at Huntsville; nearly $25 million for 
construction of Saturn launch stands at 
Cape Canaveral; and $600,000 for a 
second barge to transport Saturns from 
Huntsville to the Cape. 

The new Kennedy space budget 
makes the development of a solid Nova 
booster a companion project to the 
liquid Nova. It is expected to be as- 
signed to the Air Force, although a 
week after Kennedy’s message was de- 
livered no orders from the Defense 
Department to proceed had been issued 

e AF boosters—At present, the Air 
Force has under way a number of solid 
super-booster studies under its Project 
3059 Office. These could be rapidly ex- 
panded with the $62 million requested 
by Kennedy. 

Estimates of how long it would take 

(Continued on page 44) 
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Special Report/MISSILES AT PARIS 


French, British Bid for NATO Sales 


State Department edict against showing offensive weapons 
shackles U.S. makers—first showings of French AS-30, U.K.’s Red Top 


THIS SPECIAL REPORT on the 
Paris Air Show, which closed yester- 
day, was compiled on-the-scene by a 
MISSILES AND ROCKETS editorial team 
including Editor William J. Coughlin, 
Technical Editor John F. Judge, Euro- 
pean Editor Anthony Vandyk and Paris 
Correspondent Jean-Marie Riche. M/R 
photographs by Bernard Lemoine. 


Paris—Despite the largest partici- 
pation to date by individual American 
firms, the U.S. missile industry was 
overshadowed at the 1961 Paris Air 
Show by its British and French com- 
petitors. 

Foreign firms took full advantage of 
the XXIV Salon International de I’ Aéro- 
nautique, held at Le Bourget from May 
26 to June 4, to actively push their mis- 
sile products. U.S. companies, mean- 
while, operated under a State Depart- 
ment edict prohibiting display of any 
offensive missiles. The same prohibition 
applied to any scale model larger than 
half size. 

With President Kennedy arriving in 
Europe in mid-week for talks with Gen- 
eral de Gaulle in Paris and Premier 
Khrushchev in Vienna, the intent was 
to emphasize the “peaceful” aspects of 
U.S. missile/ space efforts. 

e U.S. upstaged—But U.S. manu- 
facturers trying to sell such tactical 
weapons as the Sperry Sergeant, Martin 
Pershing, Lockheed Polaris and Martin 
Bullpup to NATO countries were left at 
a distinct disadvantage in this premier 
showplace. 

British Aircraft Corp. displayed its 
truck-mounted English Electric Blue 
Water missile for the first time at the 
show. (M/R, May 22, p. 12.) In con- 
trast, the competitive Sperry Sergeant 
was represented only by a three-ft. 
model tucked away in a corner of the 
large exhibit hall. 

While Nord Aviation unveiled its 
new AS-30 air-to-surface weapon (see 
p. 18), there was no sign of the Martin 
Bullpup with which it is competing for 
NATO contracts. Pershing was on hand 
only as a half-scale mockup, Polaris as 
an even smaller display. 

U.S. exhibitors putting finishing 
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touches to their limited displays watched 
unhappily as a large number of French 
missiles were set up in the missile park 
outside the main pavilion and an entire 
British guided weapons battery rolled 
in with an operational Thunderbird unit. 

The battery of the 36th Guided 
Weapon Regiment of the Royal Arrtil- 
lery then ran through a simulated tacti- 
cal operation several times each day 
during the show. 

e Soviet sulk — Fourteen nations 
took part in the show with more than 
300 exhibits, including those of more 
than 15 major U.S. manufacturers. For- 
eign exhibits emphasized tactical mis- 
siles, sounding rockets, target drones 
and rocket engines, in addition to air- 
craft. 

The Russians, miffed because an in- 
vitation to spaceman Maj. Yuri Gagarin 
was withdrawn to avoid conflict with 
President Kennedy's arrival, limited 
their participation to commercial air- 
craft. 

A large number of U.S. commercial 
and military aircraft, including Navy 
attack aircraft, the Convair B-58 and 
the Lockheed F-104, were on display. 
The U.S. space exhibit, featuring the 
Project Mercury Freedom VII capsule, 
the first recovered Discoverer satellite 
and a Lockheed Agena vehicle, was one 
of the most popular at the show. 


© Debut for Red Top—Among the 
new missiles unveiled at the show was 
the de Havilland Red Top, a British 
infrared air-to-air missile developed as 
a successor to the fighter-borne Fire- 
streak. 

External configuration is similar to 
that of Firestreak, with fixed wings and 
moving rear control surfaces. Length is 
10 ft., 6 in.; wing span, 36 in.; body 
diameter, 8% in. Firestreak’s infrared 
guidance system is retained in a more 
advanced form in Red Top. It is housed 
in a glass nose composed of eight opti- 
cally flat plates. 

The new missile is less tapered at the 
front than the Firestreak, with accept- 
ance of a slight aerodynamic loss to 
gain in IR transmission. Range of the 
new weapon is said to be about 9.5 
n.mi., a marked improvement over the 


5-mi. range of Firestreak. 

Red Top speed is in the Mach 3 
range, and it is capable of collision- 
course attack in contrast with the pur- 
suit course mode of attack of Firestreak. 
An IR proximity fuse system is carried. 
Red Top has a nuclear or high-explosive 
capability. Warhead weight is about 68 
Ibs. 

Propulsion is provided by a solid 
motor unit built by the British govern- 
ment under a classified designation. Se- 
curity considerations will limit the mar- 
ket for the missile to NATO, Common- 
wealth countries, and Sweden. De 
Havilland also is hopeful of some U.S. 
interest, although Red Top does not ap- 
pear to be a significant competitor with 
later versions of the Hughes Falcon. 

Red Top is described as still in de- 
velopment. It has been under flight test 
at de Havilland’s Hatfield plant for sev- 
eral years; while systems checkout has 
been completed, it still is being tested in 
the weapon system phase. 

The British also displayed for the 
first time a Bristol Aerojet high-altitude 
meteorological rocket fabricated almost 
entirely of glass. The 7.5-ft. rocket will 
carry an instrument package to a height 
of 38 miles. Gross weight is 81 Ibs.; 
maximum velocity Mach 4.3. 

The system is designed with a high 
launch velocity of 300 ft./sec. to make 
it safely adaptable to ranges of re- 
stricted size. Launch system consists 
basically of a truck-mounted 38-ft. tube 
supported on a hinge and raised to fir- 
ing position by a hydraulic strut. Simul- 
taneously with rocket ignition, a small 
launch charge kicks the vehicle up the 
tube. 

Payload weight of 10 Ibs. can be 
carried to altitude with 250 cu. in. of 
payload space. Bristol Aerojet says pay- 
load space can be increased to 330 cu 
in. by lengthening the rocket 4% in. 

Other British missile exhibits in- 
cluded the Short Seacat 2, Bristol/Fer- 
ranti Bloodhound, and Armstrong-Whit- 
worth Seaslug. 


© German entries—A notable West 

German exhibit was a small Bolkow 

two-stage weather rocket, 7 ft. in length 
(Continued on page 18) 
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BRITAIN’S new Red Top missile (left) seen 
MISSILES AT PARIS alongside earlier Firestreak. Note aerodynami 


cally cleaner wing shapes and blunter nose 




















New Foreign Missiles Dominat 


FOREIGN MISSILE displays at Paris featured tac- 
tical weapons and sounding rockets—while a government 
edict prevented U.S. missile firms from showing any of- 
fensive weapons except as models. France and Britain, 
operating under no such ban, went all out to display 
weapons which they are trying to sell to NATO nations 
Result was to make U.S. appear a poor third in the 
missile displays at Paris. 

The small model of the Sperry Sergeant which is 
shown at the far right is typical of U.S. exhibits at the 
Le Bourget display. British Royal Artillery units, in 
contrast, arrived with an operational Thunderbird bat- 
tery and the truck-mounted Blue Water tactical missile, 
shown at Paris for the first time. French missiles on 
display included ASW, surface-to-surface, air-to-surface 
weapons and target drones. 3% 


TWO VICKERS VIGILANT antitank missiles (left) shown 
mounted on Ferret. In background, Royal Artillery Thunderbird 
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BRITAIN’S NEW Blue Water tactical missile was displayed 
full-scale (above), Sperry Sergeant (below) in 3-ft. model 


FRENCH DISPLAYS included (I. to r.) C.T. 41 supersonic ram- 


et target, Masurca surface-to-air weapon, Malafon ASW bird. 
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SOUNDING ROCKETS displayed in- 
cluded (left) first German rocket shown ‘ 
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Relative Merits of AS-30 
And Bullpup Sharply Debated 


Paris—First design details of the 
Nord Aviation AS-30 air-to-surface mis- 
sile, strong rival to the Martin Bullpup 
as a standard NATO weapon, were dis- 
closed at the Paris Air Show 

Like the Bullpup, AS-30 is equipped 
with radio guidance, which is propor- 
tional control rather than the “bang- 
bang” type of some versions of the 
American missile. (The Air Force 
GAM-83 version of the Bullpup is, how- 
ever, equipped with proportional con- 
trol and is available to NATO.) 

Unlike the boost-glide Bullpup, the 
solid-propellant AS-30 consists of a 
main booster and sustainer to power it 
into the target. 

Length of the AS-30 is 12.42 ft.; 
diameter, 13.8 in.; span, 3.28 ft. Total 
weight of the missile is 1100 Ibs. War- 
head weight is 505 Ibs. The spin-stabi- 
lized weapon is fitted with four cru- 
ciform wings set at an angle to the 
longitudinal centerline. 

Nord is pushing the AS-30 mainly 
by comparing warhead weights with the 
Bullpup A, which is 250 Ibs. or half that 
of the French bird. The company also 
claims the AS-30 has—by virtue of its 


sustainer—-a target penetration capa- 
bility four times that of Bullpup at a 
range of about 7 mi 

But the warhead of the Bullpup B 
and GAM-83B is believed to weigh 
1000 Ibs. carrying high explosive. Both 
advanced versions also have a nuclear 
capability, as does the AS-30 

Martin counters the penetration ar- 
gument by contending that the AS-30's 
speed is slower than the Bullpup and 
that the AS-30 loses control at sustainer 
burnout—a factor which would limit the 
range. Bullpup has a separate power 
system for control to the target. 

While a NATO decision was due last 
week, it is known that a dispute between 
the British Royal Navy, which favors 
Bullpup and the Royal Air Force back- 
ing the AS-30, has delayed the decision 
for another month. 

e Secrecy disadvantage— Martin felt 
somewhat at a disadvantage as the com- 
petition came down to the wire during 
the Paris Air Show. The company was 
under a security restriction and a State 
Department injunction against showing 
the Bullpup. Nord, on the other hand, 


(Continued on page 39) 
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ABOVE: Cross-section and lengthwise diagrams of Nord’s AS-30 air-to-surface missile 
BELOW: An AS-30 mounted under wine (next to fuselage) of Vautour aircraft 





Continued from page 15) 

and capable of carrying a 17.6-Ib. pay- 
load to a height of 262,480 ft. Propul- 
sion units are solid motors built by 
Bolkow. Guidance is inertial with the 
instrument package returned by para- 
chute. First launch is scheduled from 
Sardinia sometime in 1962. Perhaps not 
important in itself, the rocket marks the 
public return of Germany to the space 
industry for the first time since the war. 
More advanced rockets are said to be 
under development. 

Bolkow also displayed its Cobra anti- 
tank missile, emphasizing advantages of 
its textile-covered copper wire guidance 
system over steel wire. The Cobra is 
manufactured in the U.S. for the Ma 
rine Corps by Daystrom, Inc. The 
Cobra was shown tank-mounted, jeep 
mounted and helicopter-mounted. 

e French potpourri — French dis 
plays showed evidence of a mounting 
research and development effort on 
larger, multi-stage vehicles, including 
the solid-propelled IRBM under devel- 
opment by the Societé pour |'Etude 
et la Réalisation d’Engins Balistiques 
(SEREB). 

In addition to the land-based mis 
sile now in early development stages, 
SEREB is to receive $1 million and au- 
thority to initiate development of the 
French MSBS. fleet ballistic missile 
similar to the Polaris, MISSILES AND 
ROCKETS learned. 

The first French nuclear submarine 
for this missile is scheduled to be opera- 
tional in 1968, with the missile itself to 
be ready in 1969. 

SEREB is a consortium of French 
missile/space firms formed by the gov- 
ernment to undertake systems manage- 
ment of all ballistic missile development, 
as well as space applications of these 
missiles. 

SEREB, with a present corporate 
staff of 140, is to be increased to 180 by 
year’s end. Sud Aviation disclosed that 
some 42% of the money now going into 
the SEREB IRBM is finding its way to 
Sud, which is charged with re-entry and 
casing developments. 

Societé Nationale d'Etudes et de 
Construction de Moteurs d’Aviation 
(SNECMA) is developing the solid 
propulsion units for ali stages of the 
missile. 

Firms taking part in the SEREB pro- 
gram complained that development is 
being slowed by the ancient government 
powder monopoly—under which solid 
propellant grains must be furnished by 
the government. Due to this situation, it 
was pointed out, French chemical firms 
simply are not interested in propellant 
development. 

“France’s Space Age is handicapped 
by a 16th century law,” lamented one 
executive. 

(Continued on page 38) 
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In Missile build-up . . . 


Germans Sizing Up Britain's Seacat 


by Bernard Poirier 


WEST GERMANY is getting ready 
to evaluate the British Seacat ship-to-air 
missile as part of growing buildup of 
missile muscle. 

Seacat batteries—if the missile is 
accepted—apparently would be _in- 
stalled aboard new 5000-ton missile de- 
stroyers which the West German Navy 
is being allowed to build. 

Permission to amend West Ger- 
many’s warship limit from 3000 to 6000 
tons was granted by the Western Euro- 
pean Union (acting under the 1954 
Brussels Treaty) just hours before De- 
fense’ Minister Franz Joseph Strauss 
revealed an order for 50 Seacats May 
24. 

The tonnage increase has been un- 
der negotiation for almost a year. Mean- 
time, the West German Defense 
Ministry has encouraged Focke Wulf to 
engage in industrial agreements with 
Short Brothers, makers of Seacat. 

It is expected that the Germans will 
also buy a tactical missile for deploy- 
ment aboard the destroyers. 

The Seacat development is the latest 
in a series of moves designed to arm 
West Germany with versatile missile 
power. They already possess _air- 
breathing Matador tactical missiles in 
mobile land units and SS-// antitank 
missiles. It was disclosed last month that 


Seacat Details: 


The British ship-to-air Seacat, manu- 
factured by Short Brothers & Harland, 
Belfast, is standard armament on new 
Royal Navy Hampshire class ships. The 
5-ft. Mach 1 weapon is solid-fueled and 
has combined radio command/ optically 
coordinated guidance. 

West Germany's order for 50 evalua- 
tion missiles plus associated equipment 
marks the fourth successful export effort 
by the Northern Irish firm. Sweden bought 
the system as an investigating measure in 
its program to expand its air-defense Naval 
rocket program. 

Seacat is being outfitted on New Zea- 
land's new “Otago” and “Taranaki” frigates 
and Australia plans similar deployment for 
the system, which can give antiaircraft cov- 
erage to a 43-sq.-mi. area. 

Radio command for the four-missile 
shipboard battery is believed to be an 
Elliott Brothers (London) development. 
For use in a “chips down” situation, the 
system is man-controlled from the time a 
arget is sighted to its destruc ».1. Seacat's 
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the West Germans had placed a $120 
million order for Martin Pershing tacti- 
cal ballistic missiles. And they are be- 
lieved to be eyeing the short-range 
English Electric Blue Water. 

The German missile destroyers will 
be larger than the 3750-ton French 
ASW missile ship “La Galisonniere” 
and smaller than the 6000-ton Italian 
antiaircraft missile cruisers of the 
“Andrea Doria” class. France’s ASW 
missile is the Malafon and the Italian 
ships will be equipped with Terrier mis- 
siles. 

The coupling of defensive and of- 
fensive missile systems is what makes 
the German design significantly different 
from those now existing on other 
NATO or SEATO missile warships. For 
the moment, there has been no official 
announcement of a selection of a sea- 
borne ship-to-surface/ship system. 

Sea-launched tactical systems of suf- 
ficient range, tried and proven, are few. 
They include the Regulus (U.S.), 
Malafac (Fr.) and Robot 315, which is 
used on the Swedish missile destroyers 
“Halland” and “Smaland.” 

e Clear danger—The compelling 
factor behind the strengthening of West 
German forces, along with NATO con- 
tinental defenses, is of course, the threat 
of the huge Communist forces immedi- 
ately to the East. 

While other NATO members have 





territory bordering on Soviet-controlled 
areas, the strongest Red military threat 
centers about the Baltic and the line 
separating the two Germanies. 

East Germany apparently has the 
most extensive military establishment 
among the satellites. Its Council of Na- 
tional Defense is ruled by the iron hand 
of Minister-President Otto Grotewohl 
with the blessing of Communist party 
boss Walter Ulbricht. It was Herr Ul- 
bricht who, a year ago, rattled off a 
dozen “locations” of Communist rocket 
launching sites within striking distance 
of NATO continental targets. 

The East German Ministry of De- 
fense, headed by Gen. Karl-Heinz Hoff- 
mann, administers tri-service activity of 
the NVA or Peoples Army (Nationale 
Volksarmee). European sources esti- 
mate that East Germany has 125,000 
men in uniform, equipped with Soviet 
tanks, jet aircraft, light artillery and 
short-range missiles. Main bases are at 
Neubrandenburg and at Leipzig. 

The French intelligence organ Est 
et Ouest estimates the East German Air 
Force HQ at Strausberg-Eggersdorf has 
150 missile-equipped Mig-17 and 50 
older Mig-15 jet aircraft plus 200 
piston-driven fighter aircraft operating 
primarily from aerodromes at Cottbus 
and Drewitz. West Germans say the 
Soviets have maintained as many as 22 

(Continued on page 51) 


mission is “close-range defense, for use 
when hostile aircraft have penetrated a 
naval unit's outer defenses and escaped 
weapons of greater range.” 

A two-man battery crew uses binocu- 
lars to lock on a target. Aimer's movements 
of the shackled binoculars cause automati- 
cally coordinated movements of the missile 
launcher—thus keeping the radar dome, 
centered between four Seacats, zeroed to 
the same reticule as the field outlined in 
the binoculars. Radio impulses track the 
aircraft and guide the Seacat missile into 
coincidence until a hit is scored. 

Independent observers predict Seacat 
will be Britain's top missile export because 
of the weapon's high reliability. Focke 
Wulf G.m.b.H. of Bremen was designated 
last year as local servicing and system 
agent for an eventual German test program. 
The last roadblock to the $85 million Bonn 
purchase was lifted when the 
European Union agreed to raise the weight 
limits on German warships (see story). If 
the missile proves suitable, joint develop- 
ment by Short Brothers and Focke Wulf is 
envisaged. 


Western 
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Join the Minutemen of Space Technology Leadership 








MINU 


In 1957, the Air Force Ballistic Missile Division, now the 
Ballistic Systems Division, awarded Space Technology 
Laboratories, Inc. a contract to study the feasibility of 
a solid propellant, multi-stage Intercontinental Ballistic 
Missile. When that study demonstrated that such a 
missile system was technically feasibie, STL was 
awarded a contract to provide systems engineering and 
technical direction for the program to bring the system 
into being. 

Design criteria for the system and its subsystems 
were prepared by STL as a member of the industry 
team which, under the leadership of the former Air 
Force Ballistic Missile Division, set about the task of 
creating the Minuteman system. Guided by the principle 
of concurrency and spurred on by the same apprecia- 
tion of urgency which marked the development of those 
other Air Force weapon systems in which STL performed 
systems engineering and technical direction — Atlas, 
Thor and Titan — this industry team met the rigorous 
time schedule established for the program. The first 
captive test of the missile was made on 15 September 


T 
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1959, the exact date scheduled eighteen months earlier. 
The dramatically successful first flight test at Cape 
Canaveral on 1 February 1961 occurred within weeks 
of the programmed date. 

The Minutemen of STL are proud of their role in the 
development of the Minuteman system, and of their 
association in that program with: Boeing Airplane Co. 
(assembly and test); Autonetics Division of North 
American Aviation (guidance and control); Thiokol 
Chemical Corp., Aerojet General, and Hercules Powder 
Co. (propulsion); and Avco Corp. (re-entry vehicle). 

Minuteman has passed its first research and develop- 
ment flight test. Ahead lies the work of completing the 
ground system and missile development, and of bring- 
ing the system to operational readiness. These tasks 
require qualified engineers and scientists to augment 
STL’s Minuteman team in both Southern California and 
Cape Canaveral. Those capable of contributing to this 
important program in Space Technology Leadership are 
invited to write Dr. R. C. Potter, Manager of Professional 
Placement and Development, at either location. 


SPACE TECHNOLOGY LABORATORIES, INC. p.0. sox oso0sF Los ancetes 45, CALIFORNIA 


P.O. BOX 4277F PATRICK AFB, FLORIDA 


@ subsidiary of Thompson Ramo Wooldridge Inc. 


Boston * Dayton * Huntsville * Edwards AFB * Canoga Park * Hawaii 





Los Angeles * Santa Maria * Cape Canaveral * Washington, D.C. y 


All qualified applicants considered regardless of race, creed, color, or national origin. 
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Technical Countdown 





ELECTRONICS 
Non-rotating Gyro in Development 


A spectacular improvement in missile/space guidance 
systems may be offered by a new non-rotating gyro. The 
device, which uses a tuning fork as a sensing element in 
place of the conventional rotor, is reportedly in working- 
model stage at Gulton Industries. The tuning fork, excited 
by an electromagnet, seeks to maintain its position in space 
as does an ordinary gyro and can sense any change in its 
platform's position. Useful life of the device is limited only 
by the life of its electronics—making it a strong contender 
for applications in siloed missiles and far-space vehicles. 


Power Group Expands 


Membership of the Inter-Agency Advanced Power Group 
has been broadened to include NASA, AEC, and ARPA 
Formerly the Interservice Group for Flight Vehicle Power, 
IAPG is expanding its work in “unconventional” power 
sources and now supports a newly established Power Infor- 
mation Center. PIC will serve as a technical secretariat for 
government and industry in the energy conversion field. 


High-power UHF Xmftr for Space 


A 1-to-2-kw ultra-high-frequency (200-400 mc) trans- 
mitter for space use has been developed by Space Electronics 
Corp. Designed to operate efficiently throughout the entire 
range of expected environmental conditions experienced by 
missiles and spacecraft, it is believed to be the first high- 
power UHF transmitter designed to fulfill such rugged re- 
quirements. Completely potted in a 4.5-in.-dia. x 13-in.-long 
cylinder, the unit will operate “at least to 400 or 500°F.” 
the company says. 


Suppressor Kills Space-relay Echo 


An “echo suppressor” designed to solve one of the basic 
problems of space communications has been developed by 
General Telephone. The device is designed to silence echoes 
which would occur in telephone conversations relayed by 
space satellites between widely-separated parts of the world. 
These undesirable echoes of an individual’s voice would 
cause a speaker to enunciate too slowly and jerkily, and 
interrupt trains of thought, making conversation unsatisfac- 
tory or even worthless. 


Earth-path Communications Show Promise 


Ranges of 50-100 miles for radio transmissions through 
underground rock strata are expected to be reached in the 
next year. Researchers at Raytheon already have shown 
experimentally that 200-kc signals are detectable at dis- 
tances of up to 18 miles with 100 watts radiated power. 


UV Communications Feasible for Space? 


An ultraviolet transmitter can provide narrow-band com- 
munications over a range of 50 megamiles with one watt 
radiated power, according to scientists at Westinghouse Air 
Arm Division. This range may be increased up to five times, 
they say, with optimization of design and materials. 


Wide Range of Vibrations Tested 


A test device capable of simulating missile vibrational 
environments—varying in range from those of a rolling and 
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pitching destroyer to actual blast-off—has been built by 
Convair-Pomona. The system was developed because of the 
need for more adequately testing complex vibrations and 
shock produced by tactical weapons (the division produces 
the Navy’s Advanced Terrier, Tartar, and the Army's Red- 
eye and Mauler). The hydraulically actuated system was 
built, Convair said, because such an instrument was not 
available commercially. 


Premium Transistor Program Started 


RCA has initiated a premium transistor program to pro- 
vide quality and reliability information on high-volume tran- 
sistors used in computers. Under the program, commercial 
transistors will be tagged with comprehensive electrical, 
mechanical, environmental, and life data so complete, the 
company says, that the customer will not need to write his 
own specifications. 


ASTRONAUTICS 
Man Better Than Machines 


Man will be worth more to a space flight system than 
the machines required to take his place, according to new 
results of Martin’s initial feasibility study on the Apollo 
spacecraft. The study showed that man’s most indispensable 
contribution would be his in-flight decisions. By being on 
board, he can evaluate flight phases and react to emergencies 
far more efficiently than either automatic controls or deci- 
sions relayed from earth stations 


Brain Damage from Weightlessness 


Possible effect upon the brain from extended space flights 
has been evidenced in animal experiments with extended 
periods of weightlessness. Brain area most affected is so- 
called “sleep center.” Also, exposure to certain continued 
vibrations is believed to contribute to brain damage leading 
to loss of judgment abilities and, in extreme conditions, even 
loss of consciousness. Researchers are attempting also to 
learn more about thresholds of radiation where the brain 
begins to show abnormal electrical patterns. 


Space-vehicle Loading Critical 


There is no apparent recognition of the problems asso- 
ciated with inflight determination of mass data or energy 
reserves during manned space flight, warns C. J. Holden, 
head of Spacecraft Weights Section, Aerospace Corp. He 
urges development of techniques for “managing” spacecraft 
weight during flights—particularly where future missions 
involving multi-orbital transfers are concerned. He said situ- 
ations would arise in which astronauts—like seamen and 
airmen—would have to take “emergency jettisoning or load 
transfer measures” to assure safe return to earth. 


PROPULSION 


Phoenix Used for Chaff Launchings 


In its first operational firing on the East Coast, the Rocket 
Power Phoenix recently lifted a 12-lb. chaff payload from 
Wallops Island, Va., to an altitude of 170 miles. Five more 
launches are planned in the series for Patterson-Moos Corp. 
and the Air Force. 
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STEPS 
Solar-power 
System to be 
Tested Soon 


Built by GE for Air Force, 
it is first solar-thermionic 
system near hardware stage; 
new test facility goes up 


by William Beller 
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A SOLAR-THERMIONIC system 
designed as a lightweight source of kilo- 
watt power for advanced satellites is ex- 
pected to be ready for test by mid- 
summer. Flight testing is expected by 
1963. 

This will be the first such system 
to reach the developmental hardware 
stage. 

Called “STEPS”—an acronym for 
Solar Thermionic Electric Power Sys- 
tem—it is being built to demonstrate 
feasibility. The first system is sized to 
deliver 500 watts of continuous power 
in a space environment. 

Later systems will develop from 
three to ten kilowatts, if STEPS works 
as planned. Within this power range, the 
specific system weight based on using 
thermal energy storage is estimated to 
be between !50 and 200 Ibs./kw. If 
these figures are accurate the solar 
thermionic power system probably will 
weigh less than any other solar-powered 
system operating in the low-kilowatt 
range. 

STEPS is being developed by Gen- 
eral Electric’s Missile and Space Vehicle 
Department under a $300,000 contract 
with the Air Force’s Aeronautical Sys- 
tems Div. 

GE is erecting a Solar Test Facility 
in Phoenix, Ariz., specifically designed 
for testing solar-powered APU’s (Aux- 
iliary Power Units). The facility’s sole 
building is track-mounted in order to 
regulate a system’s exposure without 
moving the system. The company says 
that there will be over a million dollars 
worth of test equipment at the site. 

STEPS will be the first APU to be 
tried out at the new facility. 

© How it works—STEPS is com- 
posed of a collector—a parabolic reflec- 
tor—which focuses the sun’s rays on a 
generator made up of many thermionic 
converters, and several subsystems. 

The collector is used to concentrate 
the sun’s incident energy of 0.14 watts 
per square centimeter to the ten watts 
per square centimeter or more needed 
on the cathode surfaces of the therm- 
ionic converters. 

The thermionic converter operates in 
principle like the conventional vacuum- 
tube diode. Electrons are boiled off a 
hot cathode, pass through a space gap 
onto a relatively cool anode. From here, 
the electrons—as an electric current— 
flow through a load where they perform 
work and return to the cathode. The 
heat on the cathode comes from the 
sun’s rays which had been concentrated 
by the collector. 

Rather than merely focus the sun’s 
energy directly on an array of con- 
verters, GE uses a hollow cavity—called 
a generator—as the target. The thermi- 


onic converters are mounted in the walls 
of the generator, picking up their energy 
from inside the cavity and discarding 
waste heat on the outside. 

The sun’s energy enters an uperture 
in the generator, where it is contained 
and reflected, except for some that slips 
back out through the aperture. This 
minimizes the amount of energy lost. 

e A sun-seeking collector—Two 
solar-cell sensors help orient the collec- 
tor so that the sun’s rays fall parallel to 
the axis of the reflector. One cell senses 
an azimuth error, the other an elevation 
error. These feed corresponding drives 
on the space vehicle, whose attitude is 
then suitably changed by a torque-pro- 
ducing device such as a flywheel, ga: 
jets, or perhaps by an ion engine. 

When the vehicle emerges from a 
planetary shadow into light, the collec- 
tor is disoriented for a short time. Thus 
the sun’s rays may momentarily be 
focused on the surface of the generator 
and burn it up. To prevent this, a heat 
shield is set in front of the generator. 

It has been proposed that a quartz 
window fill the generator’s aperture. 
This would make the cavity a miniature 
greenhouse, but it would cut down the 
amount of energy entering the cavity 
The idea is still being evaluated. 

STEPS is being designed to operate 
with nickel-cadmium battery storage. 
Later versions may be adapted to use 
thermal or fuel-cell storage systems. 

The present version is being devel- 
oped to work in a cycle of 55 minutes 
light, 35 minutes dark. GE engineer 
David L. Purdy says that the system will 
have an efficiency of 5%; the battery- 
charging efficiency—ratio of battery 
power output to battery power input— 
will be 68%. 





Comparison of 
Converter Types 


VACUUM VAPOR 
Close spacings | Large spacings 
.0002-.0004 in. permissible 
.001-.040 in. 
Present efficiency 4% Present efficiency 7% 
Future efficiency 6-10% | Future efficiency 
10-20% 
Long range expected Long range expected 
efficiency 15% efficiency 30%, 
Hot side temperatures Hot side temperatures 
1100°C-1300°C | 1700°C-3000°C 
Vacuum interior | Cesium filled 
Devices now beiag Research prototypes 
manufactured built but production 
units not yet 
available 
Power density Power density 
5 watts/an? 10 watts /cm? 
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Over 160 sq. ft. of collector will be 
needed to provide the 500 continuous 
and regulated watts in space. To deliver 
this much space power, a collector 
nearly 16 ft. in diameter is needed. Be- 
fore fanning out to this size in orbit, 
the collector will be housed in a 10-ft.- 
diameter cylinder. 

© Ground-based model—The STEPS 
to be tested in Phoenix will be con- 
nected to a simulated vehicle and 
from this, to a ground-mount pedestal. 
Through a sensing system and motors 
in the ground pedestal, the collector will 
be suitably oriented. 

The ground collector system will de- 
liver 540 watts to the ground storage 
and regulation systems. This figure is 
the product of the power impinging on 
the collector and the efficiencies of the 
collector and generator systems. Of this 
power, a little less than half will go to 
the load, and the rest to the storage 
system. 

This is far from the 500 watts the 
system is designed to deliver to the load 
on a continuous basis under orbital con- 
ditions; the reason is clearly a result of 
the reduced solar constant at ground 
level. 

The thermionic converters being 
used in STEPS are the vacuum type. 
This is a less efficient converter than 
the vapor type, which is only now 
emerging from the research phase. 
When it is in production, it will be 
interchangeable with the vacuum type. 

The interelectrode gap in the vapor 
converter is usually filled with cesium 
gas. Its purpose is to reduce the space 
charge, thereby permitting a greater 
quantity of electrons to migrate from 
the cathode to the anode. In effect, the CLOSE-UP of generator. When present, cesium gas minimizes the space charge 
gas acts like a space-charge grid. This 
improvement is highly significant, and 
could result in a converter having dou- 
ble the efficiency of the present-day one. 

Yet all is not rosy for solar thermi- 
onic systems. Their chief drawback is 
that reasonable system efficiency de- 
mands unusually high accuracy in col- 
lector-surface orientation with respect to 
the sun. William C. Cooley, NASA's 
chief of advanced technology, estimates 
that an angular accuracy of better than 
0.1 degree is required. 

Despite this engineering problem, 
the civilian space agency is still highly 
interested in developing thermionic 
power for space applications. The Jet 
Propulsion Laboratory is preparing to 
let out a contract for a solar-thermionic 
module, identified by the code name 
“SET.” Expected to be equipped with 
a four-to-five-ft.-diameter parabolic col- 
lector, each module will be designed to 
put out about 130 watts and be capable 
of clustering for larger power outputs. % ELECTRONS boiled off cathode by solar energy migrate to anode and back to cathode. 
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ARTIST’S CONCEPTION of GE's 500-watt STEPS operating in an earth orbit. 
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Senate subcommittee report 
cites lack of interagency 
indexed inventory—even of 
central file at NASA 


MANAGEMENT of scientific in- 
formation in the U.S. is being handled 
on a “Model T” basis, Sen. Hubert H. 
Humphrey (D-Minn.) has declared, 
and such obsolete methods contribute to 
duplication and “tragic and intolerable 
waste of men, money, and material.” 

Humphrey's statement last week was 
based on a study of the coordination of 
scientific information on current re- 
search and development work. The re- 
sults of the study, conducted by a Senate 
Government Operations Subcommittee 
of which Humphrey is chairman, have 
just been released in a 278-page report. 

The report blasted the lack of an 
indexed interagency information inven- 
tory of some 160,000 R&D projects— 
which amount to over $8 billion annu- 
ally. Humphrey noted that there are 
various uncoordinated systems among 
various agencies. But these, he said, are 
a “hodge-podge”—“overlapping, under- 
planned, under-nourished, and under- 
used.” 

The urgency of better information 
management is especially critical, Hum- 
phrey concluded, in our man-in-space 
program. This program's entire pace 
and success depend on mastery of up- 
to-the-minute information on current 
R&D projects, he said. It cuts uniquely 
across many different disciplines, agen- 
cies, laboratories, and scientific organi- 
zations. 

According to the report, NASA dces 
not even have a central index of all its 
current in-house and extra-mural R&D 
projects. For the Federal Government 
to rely on present methods of informa- 
tion storage and retrieval is “no way to 
run a railroad—or a race for survival.” 

The report deals primarily with in- 
formation in the pre-publication stage— 
that is, current information on work in 
progress. Humphrey points out, how- 
ever, that even the management of pub- 
lished literature is far from adequate. 
And “scant” attention is being paid to 
the masses of data accumulating on 
work in progress which, the report said, 
may remain relatively unknown for 
years—and, sometimes, forever. 

“Lost effort” and unknowing dupli- 
cation were also criticized in the report, 
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Humphrey Hits Obsolete Data Handling 


which states that more than $2 billion 
in contracts were cancelled in the last 
three years—and that much of the data 
gained in this cancelled work was irre- 
trievably lost. Full recovery of such 
information would represent a 12% in- 
crease in manpower. 

Due to the lack of available infor- 
mation on past progress, the report esti- 
mates, unintentional duplication runs as 
high as 10% of total effort. 

The report points out a clear man- 
date to both the President’s Federal 
Council for Science and Technology 
and the National Science Foundation to 
provide for “more effective dissemina- 
tion of scientific information and under- 
take programs . . . for making scientific 
information available.” But, the report 
says, nothing concrete has yet come out 
of such directives. The role of NSF 
“to exercise leadership in coordination 
is clear.” 

e Findings and recommendations— 
Results of the committee study were 
presented as a series of findings and 
recommendations. 

1) Strong Federal policy—The need 
exists—both for purposes of adminis- 
tration and for conduct of the nation’s 
expanding R&D enterprise—for a reli- 
able system for information on pro- 
posals, work in process, work completed 
(and results unpublished), and projects 
terminated short of completion. 

Recommended: The Special Assist- 
ant to the President for Science and 
Technology and the Federal Council for 
Science and Technology should devote 
increased attention to coordinated inter- 
agency planning and management of 
scientific R&D and to the utilization of 
up-to-the-minute information therefor. 

2) Strengthen SIE—The Science 
and Information Exchange should vig- 
orously pursue planning studies already 
under way and conduct whatever new 
studies are necessary to secure optimal 
results from the SIE. 

3) Continue documentation efforts 
—Since SIE is not per se a documen- 
tation center, all Federal documentation 
centers—particularly, Armed Services 
Technical Information Agency (ASTIA) 
and Office of Technical Services (Dept. 
of Commerce)—should continue and 
expand their efforts and cooperate with 
each other and SIE. 

4) Increase role of Professional So- 
cieties—Professional Societies can ren- 
der an invaluable service in disseminat- 
ing information on research in progress. 


Therefore, SIE and other agencies 
should strengthen their cooperation with 
them. 

5) Determine information costs— 
More should be known about expendi- 
tures for organized management of 
scientific information. NSF and the Fed- 
eral Advisory Committee for Scientific 
Information should continue efforts to 
determine Federal outlay for scientific 
communication and information pur- 
poses and should receive fullest cooper- 
ation from the agencies. 

6) Convert research into improve- 
ments—NSF and DOD studies have 
laid a firm foundation for understand- 
ing on which to build improved infor- 
mation services for scientists and engi- 
neers. But still far too little is known to 
improve existing information and docu- 
mentation systems and changes in infor- 
mation gathering and utilization tech- 
niques. 

7) DOD conduct internal review— 
DOD should move ahead in resolving 
policy and operational problems of in- 
formation systems and activities. 

8) Information a line item—Financ- 
ing of SIE should be a budget line item 
for Congressional review. It could be a 
specific part of a larger item on man- 
agement of pre- and post-publication 
scientific information or included in ap- 
propriation bills for NSF or HEW. 

9) Strengthen manpower analysis— 
specific part of a larger item on man- 
power is a valuable asset to the nation. 
The Federal Council for Science and 
Technology should devote further atten- 
tion to the problem of strengthening 
manpower information. 


e No panacea—lIn Sen. Humphrey's 
words, the report offers no panacea. It 
“merely offers one limited but, we be- 
lieve, significant approach. To my way 
of thinking it suggests, in effect, a 
nation-wide complex of integrated sys- 
tems on pre- and post-publication infor- 
mation. Purpose of the complex would 
be to permit rapid-fire exchange of in- 
dexed data on work in progress and 
work completed. 

“What this report does is submit to 
science a tool for science. It seeks to 
harness a ‘revolution’—for storage and 
retrieval of information on prepublica- 
tion work. 

“The choice is ours. We can either 
master the ‘revolution’—or allow it to 
pass us by and, thereby, lose that which 
can never be regained—time.” ts) 
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The next generation ATOMIC standard . 


2 im * 


VARIAN RUBIDIUM FREQUENCY STANDARD 


® Long-term stability —2 parts in 10!° 
® Short-term stability —3 parts in 10" 
® High reliability for operational use 


Time . . . accurate to the tenth order of magnitude . . . is now available from a newly practical and reliable 
source — paving the way for new advances in navigation, tracking, and communications systems. Also, the 
instrument is a suitable, precise calibration standard for makers of frequency systems and devices 
Working on the principles of optical pumping and transmission monitoring, the rubidium standard is 
recommended for continuous year-after-year operation. The heart of the system consists of two ultra-reliable elements: a long-life 
rubidium lamp and an all-glass rubidium vapor absorption cell. Design emphasis is on dependability throughout 
Each absorption cell is manufactured to a customer-selected time scale, i.e. Ephemeris Time (A.1) or the current standard fre- 
quency broadcast offset of 150 parts in 10'° relative to A.1. Cells at more than one frequency can be supplied with each instrument. 


Fine tuning affords time scale flexibility and extremely precise time synchronization for navigation or communications systems. 


Mobile use is highly feasible. The instrument requires only 110 watts of power and is designed for standby battery operation. It 


eighs 130 pounds and occupies a volume of only four cubic feet. 


== \ 


»)\\\ VARIAN associates 


}}}PALO ALTO 10, CALIFORNIA 
Circle No. 2 om Subscriber Service Card Jf} ] 


Complete information is available: write INSTRUMENT DIVISION 
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BOOSTER GRAIN for Tartar is weighed and inspected after 


being stripped from mold with core still intact 


New Tartar Motor Now in Production 


Dual-thrust Aerojet solid 
powerplant utilizes latest 
high-energy propellants to 
enhance missile performance 


NAVY'S unique new dual-thrust 
solid motor for Tartar has just gone into 
production at Aerojet-General’s Sacra- 
mento plant. 

The improved motor, which com- 
bines both booster and sustainer in one 
unit, passed its operational status test 
in April with the successful kill of a jet 
drone 20,000 feet over the Atlantic. 

The motor’s built-in “overdrive” 
capability furnishes a high initial energy 
level for liftoff thrust, then burns at a 
slow rate as a sustainer. ‘The dual-thrust 
dual-grain solid propellant is the first of 
its type to go into production for the 
Navy. 

Stringent dimensional limitations of 
the Tartar required new solutions to 
achieve the desired ballistic performance 
of the solid-rocket motors. These prob- 
lems were successfully overcome by in- 
corporating the bi-propellant dual-thrust 
grain to serve both as booster and 
sustainer. 

© Design problems—It was decided 
at the outset of the Tartar design pro- 
gram to use the combination propellant 
contained in a single chamber. Such a 
design, however, involved several major 
problems: 

—A successful means of casting the 
bi-propellant grain to achieve a suitable 





bond from booster propellant to sus- 
tainer propellant, from sustainer pro- 
pellant to chamber liner, and from 
chamber liner to chamber wall. 

—Selection of compatible propel- 
lants, and the design of a propellant 
configuration which would provide the 
ballistic performance required. 

—Development of a nozzle exten- 
sion tube that would remain within 
stringent dimensional and thermal limi- 
tations of the missile envelope, and be 
capable of withstanding the severe ero- 
sive action of the propellant exhaust 
gases. The extension tube was required 
since the missile design called for space 
at the missile’s after end for several 
important components. Extension tubes 
for solid rockets had been designed be- 
fore, but none equal to the extreme heat 
that would be encountered in Tartar 
motor operation. 

Special tooling had to be devised to 
cast the bi-propellant grain, manufac- 
tured through a new technique called 
“displacement casting.” Exact centering 
of booster grain is especially critical. 

The Navy says the new propulsion 
system has many advantages over the 
two-stage unit. It is simple, and there- 
fore more reliable. There is only one 
ignition system, fewer metal parts, and 
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MOTOR stands in curing room after dis- 
placement casting. 


the attachment and separation system 
is eliminated. Overall safety of the 
weapon system is improved due to elimi- 
nation of the possible hazard from a 
falling burned-out booster case. 

Shipboard logistics and storage prob- 
lems are eased because the missile occu- 
pies much less space than others now 
in use. The complete weapon is ap- 
proximately 15 ft. long and slightly over 
a foot in diameter. 

Aerojet is developing an improved 
Tartar propulsion unit which will use 
a higher-energy solid propellant and 
improved inert parts. This new motor 
will further increase the missile’s per- 
formance capability. 

Work on the basic Tartar motor 
began in mid-1956, under the direction 
of Navy’s Bureau of Ordnance. It en- 
tered production in March, 1960, and 
will phase out of production this year 
when it is replaced by the improved 
motor. 

The improved motor development 
program began at Aerojet’s solid rocket 
plant in mid-1959, and entered the pro- 
duction phase in May, 1961. 

Newly developed high-energy pro- 
pellants increased performance during 
the sustainer phase operation of the im- 
proved motor by about 25% over that 
of the basic Tartar, resulting in greater 
range and altitude capability. 

To date, the Navy has launched two 
guided missile destroyers which will be 
armed with Tartar. The USS John King 
was commissioned in February, 1960. 
The first, USS Charles F. Adams, was 
launched in 1959. ty 
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MOTORS FOR TARTAR are inspected and tagged before leaving cast and cure area 
Booster grains in foreground await displacement casting of sustainer propellant 





New Sparrows to Have Solid Motors After All 


ADVANCED Sparrow III air-to-air 
missiles will have solid rather than pre 
packaged-liquid propulsion systems. 

Navy has awarded a $675,000 con- 
tract to Rocketdyne Division of North 
American Aviation Inc. for developing 
the high-powered solid motor. Previ- 
ously announced plans for a prepack- 
aged-liquid motor to be built by Thiokol 
Chemical Corp. apparently have been 
dropped. 

Rocketdyne officiais say the new 


solid motor is to be uprated substan- 
tially over the 1500-plus-mph speed of 
present Sparrows. The work will be 
done at the division’s McGregor, Tex., 
plant 

Raytheon Co. is prime for Sparrow, 
a radar-homing bird 12 ft. long and 8 in 
in diameter with a high-explosive war- 
head. It weighs 400 lbs. Operational 
with Navy and Marine fighter units, 
latest versions have a range of more 
than 5 nautical miles. 





EARLIER VERSION of Raytheon Sparrow flies under wing of Navy F7U jet fighter 
27 
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Goodrich Emphasizes Superior Small 


Company not interested in 
big booster market; series 
of C-523 propellants, with 
excellent temperature resist- 
ance, is highly regarded 


by Frank G. McGuire 





X-RAY FILM of motor containing the new C-523 propellant 
mixture is examined by product engineer David Y. Miller and 
plant manager Frank R. Carvell at the Rialto solid rocket facility. 


28 


RiaLto, Ca.ir.—B. F. Goodrich 
Aviation Products, concentrating for 
the present on the small-rocket-motor 
market, has developed a family of high- 
density, high-impulse, low-cost solid 
propellants with superior physical prop- 
erties and availability. 

The company’s solid rocket plant 
here can produce large batches of the 
C-523 propellant family and loading 
motors of 2000 Ibs. gross weight. But 
it is shying away from the large booster 
field now attracting most other firms in 
the propulsion business. 

Frank R. Carvell, general manager 
of the plant, told M/R his facility is 
currently turning out a variety of pro- 
pellants for Loki, Asp, and other small 
rocket motors, with 500 Ibs. gross 
weight as the general upper limit of 
operations. 

Production of the Rialto operation 
is now centered about polybutadiene- 
acrylic acid, polyurethane, nitrosol, nitro 
C-rubber and other propellants, as well 
as pilot production 
of research propel- 
lants developed in 
the facility labora- 
tories. 

The C-523 nitro 
C-rubber series, 
(M/R, April 24, p. 
7) is a mixture of 
Hycar man-made 
rubber with high- 
energy compounds 
and ammonium 
perchlorates. Its 
specific impulse is 
reportedly over 250 
seconds—I15 sec- 
onds higher than 
comparable rubber- 
based fuels. 

Carvell said de- 
velopment of the 
C-523 family began 
with Air Force 
funding and con- 
tinued under B. F. 
Goodrich financing 
after the Air Force 
was forced by 
budget problems 
to withdraw. Al- 
though the propel- 
lant has growth 
potential, its theo- 


retical maximum specific impulse is not 
as high as other solid propellants, he 
added. 

© Better at extremes—However, 
C-523, which is merely in a class with 
other high-energy double-base compos- 
ites such as nitrosol at room tempera- 
tures, is claimed to be vastly superior 
at both temperature extremes. Aviation 
Products says it will stand longer dura- 
tions at higher temperatures than any 
other such composite, and its operating 
range includes temperatures which cause 
auto-ignition in other propellants. 

Archie B. Japs, Technical Manager 
for Rocket Motors at the facility, added 
that the burning rate of the C-523 series 
is far less affected by chamber pressure 
and temperature than similar propel- 
lants, and it is far safer to handle. Its 
density is higher “by several percent” 
than comparable formulas, Japs _ re- 
ported. 

The ready availability of raw ma- 
terials for the C-523 series is a major 
factor in its desirability. Goodrich offi- 
cials said, noting that the high-impulse 
propellants now being most heavily re- 
searched are sensitive to many variables 
and require expensive and hard-to-get 
raw materials. 

Japs said chamber pressures only 
above 200 psi have been tested with 
the C-523 propellants, but there is no 
reason lower pressures cannot be util- 
ized with the fuels. 

Other propellant research at Rialto 
has produced polyurethanes with burn- 
ing rates at least 25% less than any 
comparable composite medium-energy 
propellant, and a nitrosol-type propel- 
lant with extremely favorable physical 
properties. 

B. F. Goodrich anticipates that the 
C-523 series wili be used in tactical 
military missiles, as well as in sounding 
rockets and other smaller vehicles. The 
great density makes it possible to pack 
more propellant into a smaller space, 
allowing compression of the vehicle en- 
velope with no sacrifice in impulse. The 
temperature operating range of the 
series, —110°F to +250°F makes it 
very useful in military requirements. Its 
bonding and retention of physical prop- 
erties over the range are excellent, 
Carvell commented, and the high mass 
ratio possible with a dense propellant 
opens up a considerably great number of 
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space applications and satellite missions. 

e Plant history—B. F. Goodrich 
Aviation Products, which entered the 
composite solid propellant research field 
in 1952, now has 160 acres outside 
Rialto, near San Bernardino. 

The company, awarded an Army 
contract in 1953, was first to demon- 
strate the merits of specially tailored 
urethane polymers and carboxylic acid 
copolymers as binder-fuels for compos- 
ite propellants. Result of this success 
was the purchase of a former explosive 
plant, now the Rialto facility, in 1957, 
to continue research, development and 
production. 

The plant, in its work for the Air 
Force, has come up with a number of 
propellant formulations for use in large 
boosters and sustainers. 


@ Product range—Goodrich is now 
manufacturing a family of polymeric 
materials to be mixed with oxidizers 
and cast into rocket motors to provide 
high efficiency and strength. 

Castable polymers being produced 
include copolymers of two or more com 
ponents containing free carboxyl groups 
curable with epoxy resins and poly- 
urethane “pre-polymers” curable with 
polyol crosslinking materials. The lat- 
ter are of interest because of their low 
viscosity and resistance to heat release 
and shrinkage during cure 

Extrudable or moldable polymers 
are produced in solid form and include 
copolymers of two or more components 
with free carboxyl groups curable by 
use of a metallic oxide, and polyure- 
thanes for mixing with crosslinkers and 
then mixed by conventional techniques 
for solid or viscous materials. 

In addition to producing propellants, 
the company designs and supplies hard- 
ware components for rockets, including 
motor cases and nozzles. A sizable capa- 
bility for production of filament-glass- 
wound rocket casings has been devel- 
oped at other Goodrich plants. 

Several versions of small glass rocket 
casings have been loaded at the Rialto 
facility as part of a research study of 
materials and propellants. 

As part of the corporate complex of 
research facilities, the Rialto plant can 
call on the B. F. Goodrich Research 
Center at Brecksville, Ohio, or the 
Chemical Development Center at Avon 
Lake, Ohio, for additional support. % 
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ABOVE: A /100-gallon mixer, remotely controlled, is used in production of solid pro 
pellant. BELOW: Small rocket motors are lowered into a curing bay for controlled heat 


application. Maker says C-523 is vastly superior in extreme heat. 
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Army Gets New Communication Systems 


Powerful compact units to provide limited-war communications direct 
from field commanders to the Pentagon at ranges up to 7000 miles 


PROTOTYPE units of Army's new 
air-transportable communications §sys- 
tems—called the world’s most powerful 
and compact—have been delivered to 
the Signal Corps. The systems were pub- 
licly demonstrated for the first time last 
Thursday at Ft. Myer, Va. 

Built by Adler Electronics, the units 
can be flown to any world trouble spot 
and set up for operation in a few hours 





The TSC systems use high-frequency 
single-sideband radio to provide field 
commanders voice and teletypewriter 
channels direct to the Pentagon at 
ranges up to 7000 miles. 

The systems, built in three different 
sizes to fit varying situations, fit into 
STARCOM, Army’s global communica- 
tions network. The most powerful of the 
three can bypass or back up a STAR- 


, 





TSC.20 COMMUNICATIONS SHELTER provides field commanders with a direct link 
to the Pentagon. The one-kilowatt station has a range of up to 2500 miles. 
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COM station during an emergency 

The new radio centrals are highly 
miniaturized and the Army says they 
provide the reliability and range for- 
merly possible only with large fixed 
installations. The systems, completely 
self-sufficient, are made up of modu 
larized packages put together on the 
spot to provide a complete communi- 
cations facility. 

The TSC centrals use single-side- 
band (SSB) transmission for its simul- 
taneous use of multiple information 
channels and increased power over con 
ventional methods. Dual diversity re- 
ception—the use of spaced antennas 
and special receivers—provides continu- 
ous high-quality signal reception. Opera- 
tion is fully duplex for simultaneous 
transmission and reception. 

@ Three models—The most power- 
ful of the three TSC systems is the 
40-kw TSC-18. Consisting of a trailer 
and three small shelters, it provides 
three voice and 16 teletypewriter com- 
munications channels with a 7000-mile 
range. It can be set up and ready for 
operation in eight hours. 

The 10-kw TSC-19, housed in four 
small shelters, offers the same channel 
traffic capacity with a range of up to 
5000 miles. It also requires a set-up 
time of only eight hours. 

The 1-kw TSC-20 consists of a small 
shelter and two subscriber packages for 
remote operation. It can be erected in 
two hours for communications on one 
voice and eight teletypewriter channels 
with a range of up to 2500 miles. 

Each subscriber package contains a 
telephone set, a teletypewriter set, and 
cryptographic facilities. They can be 
used as a terminal station to intercon- 
nect major command posts, or as a ter- 
minal station using the TSC-20 shelter 
as a relay link to the STARCOM system 

All the TSC stations include anten- 
nas, power generators, standby equip- 
ment, spare parts and tools for opera- 
tion and maintenance. The shelters are 
lighted, heated, air-conditioned, and 
human-engineered for optimum oper- 


ating conditions for personnel and 
equipment. 

Cost of the three prototype systems 
was approximately $900,000. 8 
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AUTOMATIC SKY FIGHTER. Supersonic Boeing BOMARC is 
U.S. Air Force's push-button defense weapon against airborne 
missiles and attacking bombers. New “B’’ models have scored 


test intercepts up to 446 miles from base at altitudes of more 


than 100,000 feet, establishing new surface-to-air defense missile 
soMARC A models are now opera- 
B models will 


in Canada. 


records for range and altitude. 
S. Air Command bases 


and two 


Defense 


in the United States 


tional at five | 
be installed at six bases 


Capability has many faces at Boeing 


WIND SONDE, devel: ped by Boeing subsidi- 
ary, Allied Research Associates, will measure 
wind direction and velocity at 
iltitudes, telemetering data back for instant use 
at missile launch ranges, other weather stations. 


wide range of 


SPACEMAN’'S BLAST- OFF. Bocing Space 
Medicine researcher yrepares for simulated blast- 
off, wearing belt of Docian developed miniature 
electronic instruments which measure reactions 
to stresses imposed by take-off of space vehicles 


JET-PROPELLED TEST BOAT, now being 
built for Boeing, will be used to test experimental 
surface and subsurface marine vehicle designs 
at speeds up to 100 knots. Test models will be 
suspended between two forward hulls. Test boat 
will supplement Boeing tow-tank research in ad- 
vancing knowledge in area of hydrodynamics. 


SELDEN lg 
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Unique 
Fleet of 
ASW Study 
Ships Urged 


Design proposed by Douglas 
would center around steel 
sphere, have range of 100 
n. mi., speed of 5 knots 


by Richard van Osten 
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DOUGLAS-DESIGNED sub could survey a path 100 nautical miles wide in a few weeks. 


A FLEET of submarines with top 
speed of five knots has been proposed 
for ASW research by Douglas Aircraft 
Co. 

The concept was outlined at the 
First National Innerspace Conference 
by Angus Jacks, ASW program super- 
visor, Douglas-El Segundo, and Rex 
E. McConnelly, design specialist. 

A unique feature of the suggested 
design is that it would be built around 
a steel sphere like that of the Trieste 
vehicle. It also retains the gasoline-filled 
buoyancy hull constructed of welded 
aluminum. Large fairings of more or 
less conventional submarine shape, how- 
ever, would streamline the sphere suffi- 
ciently to permit a miximum speed of 
five knots with minimum electrical pro- 
pulsive power. 

Also as in the Trieste, two hoppers 
filled with iron shot are provided both 
fore and aft for use in adjusting buoy- 
ancy. The hull, steel-sphere cabin and 
other equipment mounted near the keel 
line are protected by sled-type runners 
which will support the craft both out of 
the water and on the ocean floor. 

The bow area is fitted with an active 
sonar system for navigation and obstacle 
warning. Main hull hardback around 
the Fairwater is designed for an external 
store on either side to permit carrying 
a variety of test devices and equipment 
for R&D purposes. 

Complete vehicle without crew and 
fuel would weigh 99,700 Ibs. out of the 
water. The hull is 66.5 ft. long and 
10 ft. in diameter. When the vehicle is 
resting on the runners, Fairwater top 
is 16 ft. high. Submerged displacement 
it 32.5 long tons and the design depth 
is 36,000 ft. Range is 100 nm at 5 knots. 

The spherical cabin is designed for 
pressures of 8 tons per square inch with 
a safety factor of two. Compared with 
a cast steel sphere with a weight buoy- 
ancy ratio of 4:1, the welded steel unit 
has a weight buoyancy ratio of 2.5:1. 

Buoyancy is a prime problem be- 





oe 
-s 





cause a larger gasoline-filled hull is re- 
quired for any excess weight carried. 
For this reason, other hull components, 
including sled runners, are aluminum. 

Two-man crews may be required to 
operate the sub for periods of from 20 
to 36 hours for certain missions. For 
crew comfort, the main cabin, or con- 
trol room, in the sphere will not be 
crowded with equipment. Many items, 
electronic devices and equipment, can 
be packaged for free flooding or in pres- 
sure containers in other hull areas. Seat- 
ing arrangement, controls and visual 
display in cabin follow a side-by-side, 
aircraft-type arrangement. Controls are 
arranged so either operator can take 
over full command. The cabin is air- 
conditioned, and a floor well permits 
operators to stand erect. 

Closed-circuit TV will provide con 
tinuous viewing in one direction or 
selective viewing in several directions, 
depending upon the number of TV 
cameras installed. Sonar data are pre- 
sented on a separate scope. Attitude 
and navigation data presentations are 
similar to current aircraft systems. The 
cabin is equipped also for direct view 
through an optical window. The view 
may be optically magnified and reflected 
to either operator. 

The air conditioning system is simi- 
lar to those under development for 
space flight. Recent development of a 
thermoelectric junction—bismuth tellu- 
ride—makes heating, cooling, and de- 
humidification possible in a simple unit 
Addition of a potassium superoxide— 
KO.—module for an oxygenator and a 
carbon dioxide makes a complete air 
conditioning unit. A unit for 2 men for 
10 hours has a volume of 0.88 cubic ft 
and weighs 32.5 ibs. The basic package 
requires one kilowatt of power. Dura- 
tion can be extended by increasing size 
of the potassium superoxide—KO,— 
module. 

In addition, equipment cooling can 
be satisfied by increasing the number 
of thermoelectric packages. Cooling re- 
quirements can be reduced by hull in- 
stallation of some units. 

@ Propulsion system—For reliability 
and flexibility, twin electric propulsion 
units are used. Each consists of an elec- 
tric motor, gearbox, shaft, and propellor 
in a kort nozzle-type shroud. Units are 
counter-rotating. 

The sub requires 17 shaft hp to 
attain five knots when submerged—re- 
quiring two motors of 10 hp each. The 
d-c motors are immersed in transformer 
oil and pressurized to a few pounds over 
sea pressure at all depths of operation. 

Battery power of lead-acid type sup- 
plies primary propulsion power. Lead- 
acid batteries were chosen after careful 
comparison with silver-zinc types. The 
basic reason was primarily economic, 
despite some weight penalties resulting 
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CONCEPT OF ASW research submarine has spherical cabin with room for two-man crews. Sphere will be free of most equipment 


from the choice and some increase in 
original submarine cost. The battery 
should be designed for operation under 
normal ambient sea pressures—cells can 
be pressurized much the same manner 
as described for the electric motors. 
The need for a heavy battery case can 
be eliminated by using an electrolyte 
reservoir connected to the cells through 
a stepped-pressure piston, to keep in- 
ternal pressures slightly higher than sea 
water outside. 

© Operations—A typical operation 
might include an ocean-bottom survey 
out to a radius of 50 nautical miles in 
several directions from a tender. Subs 
would be dispatched in pairs—the 
buddy team concept—to run parallel 
courses while maintaining communica- 
tions with each other. The low-light- 
level cameras would be operated con- 
tinuously. Temperature and salinity data 
could be recorded as required for re- 
search purposes. Bottom topography 
would be photographed. : 

Each sub would be equipped with 
external stores, one of which could be 
an emergency message buoy which, if 
released, would rise to the surface and 
provide a marker while automatically 
transmitting an emergency message. 
Another type of store could collect 
samples of sea water and marine life. 
With the system, a survey path 100 
n. mi. wide could be completed across 
the Atlantic in a few weeks. 

Other uses for research subs could 
be planting and recovery of various 
types of deep-ocean devices for ASW 
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work, search and salvage operations of 
a limited nature and ASW equipment 
in the development stage. 

e Support system—Size and other 
dimensions of the research subs suggest 
adaption of a landing ship dock—LSD 
—as a tender. The tender could also be 
used to transport a small squadron of 
the deep ocean research vehicles to any 
point in the world’s oceans. Except in 
very rough weather, the sub could be 
launched and recovered under its own 
power. Estimates show that 10 or more 
of the subs could be accommodated in 
the dock area of an LSD. 

Other facilities of the LSD could 
be adapted at a minimum cost to handle 


the subs, including associated Navy and 
scientific personnel. Some minor LSD 
modifications would be required to serv- 
ice the special equipment, propulsion 
system components and _ electronic 
equipment to support the ocean re- 
research task force. 

Douglas engineers say that if several 
groups of the vessels could be built, the 
cost becomes even more reasonable. In 
addition, individual ships can be fitted 
with different types of research equip 
ment and crew experiences pooled for 
mutual benefit. Data from several simul 
taneous operations can be collected for 
the concentrated attention of a central 
analytical team. 3 























TEN OR MORE of the subs could be accommodated on the dock area of an LSD 
The tender could transport a fleet of the subs to any part of the world’s oceans. 
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GPL development magnifies 
up to 1000 times, is easily 
controlled with lone stick; 
inspection will be aided 


by Charles D. LaFond 


Dayton, Onto—A Microfilm Tele- 
viser system which permits its operator 
to view any photograph remotely from 
central file with up to 1000 times mag- 
nification has been developed by Gen- 
eral Precision, Inc. 

The readout screen for the closed- 
circuit TV is manipulated by a 
seven-way switch and control stick. 
Magnification and image position can 
be changed at will throughout the en- 
tire range without loss of focus 


A prototype system was demon- 


MICROFILM TELEVISION SYSTEM demonstrated recently 
by GPL Div. of General Precision, Inc. Left front, control stick; 
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Microfilm TV May Cut Duplication 


strated for the first time at the National 
Aerospace Electronics Conference here 
recently. An improved version will be 
exhibited at the Armed Forces Com- 
munications and Electronics Associa- 
tion Conference June 6-8 in Washing- 
ton, D.C. 

The new system, according to in- 
ventor Warren Novak of the company’s 
GPL Division in Pleasantville, N.Y., of- 
fers an opportunity to eliminate much 
of the duplication of files now common 
in industry today. 

For example, if an engineer re- 
quires access to microfilmed data (on 
automatic data processing cards) in a 
central library, he can simply phone his 
request. The desired microfilm aperture 
card is inserted into a televiser and 
the image is transmitted to the engi- 
neer’s monitor 

He then can move any part of the 


ome rmOR DEIR + THN 
VARIABLE MAGNIFITC AT? 


F Be 














televised picture to the center position 
of his screen and readily magnify or 
blow up any portion that he chooses. 
A single aircraft-type stick control is 
used. A forward or backward movement 
of the stick raises or lowers the TV 
images; left or right movement is han- 
died similarily. Magnification is con- 
trolled by twisting the stick; counter- 
clockwise for decrease, clockwise for 
increase. 

The stick always returns to center 
and the switch holds at the position of 
the last manipulation. 

An operator can properly familiarize 
himself with the control stick in just a 
few minutes. A feature can be added, 
Novak said, which will permit the op- 
erator to change from a white-line to 
a black-line image. 

The company, he said, also holds 

(Continued on page 37) 


left rear, high-resolution TV monitor dispiays portion of draw- 
ing; center, microfilm aperture card televiser. 
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With “strong backs” open, the U. S. Air Force’s Min- 
uteman intercontinental ballistic missile is erect and 
ready for combat from its railroad launching site, as 
shown in the scale model photograph above. Stratoflex 
is proud that its hose assemblies and accessories are 
a vital part of the hydraulic system that provides the 
power to open and close the “strong back”, the shell- 
like container that controls the environment and gives 


the Minuteman structural strength in transport. The 


TRONDEU Os 2 


P.O. Box 10398 « Fort Worth, Texas 
Branch Piants: Hawthorne, Cailif.. Fort Wayne, ind 
in Canada: Stratofiex of Canada, inc 
in Great Britain: Stratofiex (U.K.) Ltd 


STRATOFLEX 
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HELP READY 
THE MINUTEMAN 
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Minuteman, assembled and tested by Boeing and 
scheduled for operational status by mid-1962, is one 
of several important missiles where Stratoflex hose 
and fittings are contributing to dependable performance. 
Stratoflex offers complete hose assemblies, hose and 
fittings in a wide range of sizes and types for most 
fluid applications, allowing engineers exceptional free- 
dom in equipment design. For complete information, 


write for Stratoflex Aircraft & Missile Catalog today. 


SALES OFFICES 
Atlanta, Chicago 
Cleveland, Dayton, Denver 
Detroit, Fort Wayne 
Fort Worth, Hawthorne 
Houston, Kansas City 
Milwaukee, New York 
° " Oriando, Priladeipnhia 
Pitthburgh, San Diego 
San Francisco, Seattie 
Toronto, Tulsa 








WHICH PICTURE FITS YOU BEST? 
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emul manufacture aircraft, missile, electronic or ground support equipment ? 





No matter what your answer, you must be 
interested in reliability in service. But, in 
the long run, reliability in service requires 
reliability in service information. 


This is where we come in. Our business is 

the preparation of the technically adequate 

and accurate service manuals demanded by the 
military... and desired by the manufacturer 

to maintain his reputation for equipment reliability. 


Spruce Technical Publications can provide complete 
services for many types of military and commercial 

manuals, and for diverse military technical documentation. 
This is another service of American Aviation Publications. 
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(Continued from page 34) 
engineering patents on prototype equip- 
ent for other auxiliary functions. 
hese include: 

— Automatic loading. Aperture film 
cards can be inserted automatically into 
he Microfilm Televiser. 

—Automatic search, retrieval, and 
oading. 

— Viewing of other objects. Special 
adapters have been devised to transmit 
images from opaque documents or 
micro components such as transistors, 
diodes and microminiature wafers 

Presently under development is a 
modified version of the machine which 
will permit the operator to observe a 
highly magnified image of tiny solid ob- 
jects while manipulating their position 
with the control stick. 

With this equipment, Novak said, 
components such as transistor and diode 
assemblies, instrument and watch parts, 
biological specimens, and living organ- 
isms can be examined. Inspection of 
microcomponents of any kind will be 
greatly aided by this new tool, he be- 
lieves 

Since the TV image may be as large 
as 9 x 12 feet (using projection T\ 
equipment), hundreds of people could 
view a picture or sequence of pictures 
simultaneously. 

Conference connections are also pos- 
sible, and these would permit a number 
of TV monitors to be located in differ- 
ent parts of a hospital, school or factory 
and to display images to all points at 
the same time 3 


Long-lived Tiros Doubles 
Original Life Expectancy 


TIROS Il, NASA’s meteorological 
satellite, is still transmitting useful data 
—three months beyond its expected 
operational life. 

Television cameras are working as 
well as when first launched last Nov. 
23. Infrared systems, however, are prac- 
tically finished. Only one of the five 
systems is now operating—and this on 
a very limited basis. 

All electronics equipment in the 
RCA-built payload—including tape re- 
corders—continues to operate. 

Tiros’ two television camera systems 
have transmitted a total of over 31,000 
photographs. The bulk of these— 
76-78 % —have been classified as fair-to- 
good for meteorological analysis. 

Tiros 111 is scheduled for launch this 
summer. It is hoped that it will be oper- 
ating during the hurricane season and 
will obtain TV pictures and infrared 
data on at least one of these destructive 
storms 

The entire Tiros program will likely 
%e stepped up considerably if Congress 
pproves President Kennedy's recent re- 
juest for funding boosts. 33 
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ABOVE: Television image of a portion of 
an engineering drawing produced with the 
GPL Microfilm Televiser. Image is 1% 
times greater than corre sponding area on 
original drawing, and 50 times greater than 


the corresponding area on microfilm 


LEFT: Control stick for Microfilm Tele 
viser, used at either local or remote posi 


tions, centers image and regulates its size 


BELOW: Central portion of same image 
shown in top photo here is three times 
greater than the corresponding area on 
original drawing and 100 times ereater 
than corresponding area on microfilm. The 
range of enlargement is so great that a 
detail occupying 1/1000 of the area of the 
minimum-size TV picture can be made to 


fill the monitor's entire screen 








Foreign Exhibits Top Paris Air Show 





Sud Aviation disclosed at the show 
that on May 26 it successfully fired its 
single-stage Bélier research probe to a 
height of 60 mi. at Colomb-Béchar. This 
is one of two Sud rockets developed for 
an atmospheric research program for 
CNET, the French national telecommu- 
nications center. 

The second, on display at the show, 
is a two-stage Centaure rocket which 
will reach a height of 240 mi. It is 
scheduled for its first firing this summer. 

Societé Generale de Mécanique- 
Aviation-Traction (MATRA) displayed 
several air-to-air missiles, including the 
MATRA &-530, which is to replace the 
earlier R-5/1. This two-stage solid-pro- 
pelled weapon has a range of 9-12 mi. 
and a speed of Mach 2.5-3. It is 
equipped with radar homing guidance. 
An advanced version with infrared guid- 
ance is under development. Both guid- 
ance systems permit omnidirectional at- 
tack. 

Launch weight is 429 Ibs.; length, 
11.09 ft.; fuselage diameter, 0.85 ft. 
Wings are cruciform with a span of 3.6 
ft. 

French naval missiles on display in- 
cluded the Latecoere Malafon surface- 
to-underwater ASW weapon, and Ruelle 
surface-to-air Masurca. 

C.T. 41 and C.T. 20 target drones 
produced by Nord Aviation also were 
displayed. The C.T. 4/ is a supersonic 
twin-ramjet which employs two solid- 
propelled boosters for launch. Radio- 
controlled and recoverable, it is capable 
of Mach 2 cruise at 65,000 ft. for 14 
min 

The C.T. 20 is powered by a Mar- 
bore turbojet developing 880-Ib. thrust. 
It is ramp-launched with two solid-pro- 
pellant boosters developing 9920 Ibs. 
thrust each. 

Display by the Office National 
d'Etudes et de Récherches Aéronautique 
(ONERA), the French equivalent of 
the National Aeronautics and Space 
Administration, included the four-stage 
Mach 12 Berenice research missile, ca- 
pable of reaching a height of 720 mi. 
with a 66-lb. payload. Also shown was 
the four-stage Antares, which can boost 
a 33-lb. payload to 216 mi. 

ONERA's pavilion exhibit included 
a Mach 5 experimental ramjet missile. 


e From down under—An Austral- 
ian Jindivik Mk. 2B target drone was on 
display with a number of special trials 
aids including flare heat sources for sim- 
ulating the jet efflux of larger aircraft, 
microwave reflectors and transponders 
for enhancing radar acquisition and jet- 
tisonable camera pods. 

The MK. 2B is powered by a single 
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Bristol Siddeley Viper ASV.8 turbojet 
engine, providing the Jindivik with a 
600-mph performance and an opera- 
tional ceiling of over 50,000 ft. 

Also shown was a new British Army 
launcher vehicle for the Australian Mal- 
kara antitank weapon. This is a self- 
contained armored fighting unit, which 
can be dropped into forward areas by 
parachute. It will carry four Malkaras. 

The Malkara, a wire-guided missile, 
now is in quantity production in Aus- 
tralia, as the British Army’s standard 
antitank guided weapon. It is 6 ft. 5 in. 
long and weighs 216 lbs. Propulsion 
unit is a two-stage, solid-fuel boost sus- 
tainer motor. 

To some observers, engine develop- 
ments at the show were of more signifi- 
cant interest than the missiles which 
were unveiled. 


e SEPR power—Societé d'Etude de 
la Propulsion par Réaction (SEPR) dis- 
played its SEPR 844 pump-fed rocket 
engine intended for the Mirage LI E 
aircraft. Employing nitric acid and kero- 
sene, this delivers a thrust of 3310 Ibs. 
for 80 sec. A hypergolic mixture is used 
for ignition. 

Specific consumption is given as 
0048 Ib./Ib./sec. at sea level. Naked en- 
gine weight is 190 Ibs. Weight of the 
whole rocket assembly, including en- 
gine, oxidizer tank structure, pressuriza- 
tion and accessories set at 496 Ibs. 

The engine makes a wide use of light 
alloy parts, limiting the use of stainless 
steel to the tank and to some parts of 
the oxidizer circuit. It is intended as a 
successor to the SEPR 841 engine. 

The French Air Force has ordered 
150 SEPR 841's for the Mirage III C. 
These are being mass-produced by His- 
pano-Suiza and will be followed in pro- 
duction by the SEPR 844. 

SEPR reported that a complete en- 
gine change including checkout could 
be accomplished with the 844 in less 
than 25 min. Time for physical engine 
change only, excluding checkout, was 
given as 3 min. 50 sec. 

Advanced studies by SEPR, which 
concerns itself solely with propulsion, 
include both liquid and solid engines. 
Work is progressing with liquid hydro- 
gen, fluorine, and more conventional 
LOX and hydrazine. Monopropellants 
and hybrid engines also are under de- 
velopment, 

In space propulsion, SEPR is look- 
ing at plasma jets, ion engines and other 
systems utilizing solar energy and atomic 
power. More emphasis is being placed 
on plasma jets than on ion sources. 

While many of the firm’s operations 
are highly classified, it was revealed they 


are developing filament winding tech- 
niques for motor cases and reinforced 
plastics for nozzles and other high-tem 
perature areas. 

The firm reported it has been highly 
successful with a super-dense graphitc 
in nozzle throat applications. SEPR ex 
perts say the material seems to be supe 
rior to any being used in American soli: 
motors. The graphite is manufacture: 
by Carbon Lorraine. 


¢ British advances — Filamen 
wound cases and exit cones were e» 
hibited by Bristol Aerojet Ltd. Under a 
two-year contract with the British go) 
ernment, the firm is about to initiate a 
program to study fatigue characteristics 
of glass cases, it was revealed. 

Bristol Aerojet also has perfected 
a method of producing accurate thin- 
walled cylinders by helically welding 
strip. The process has been successfully 
applied to the manufacture of rocket 
motor cases. Stainless steel, nimomic, 
monel, titanium and xirconium have 
been welded in diameters up to 54 in. 

Three rocket motors were displayed 
by Bristol Siddeley, including the 
Stentor which powers the Avro Blue 
Steel missile. The Stentor, in quantity 
production at Bristol Siddeley’s Coven- 
try factories, burns kerosene with hydro- 
gen peroxide in high-pressure combus- 
tion chambers. 

Also displayed was the liquid 
Gamma, propulsion unit for the Black 
Knight re-entry research vehicle. This is 
equipped with four trunnion-mounted 
combustion chambers which swivel un- 
der hydraulic actuator control to pro- 
vide vehicle control. 

Gamma, burning high-test peroxide 
and kerosene, produces a sea-level thrust 
of 16,400 ibs. 

Also shown was the Thor BT-1 ram- 
jet, which is fitted to an early version of 
the Bristol/ Ferranti Bloodhound. Thrust 
was given as 5275 Ibs. at Mach 2. 

Electronic equipment on display in- 
cluded de Havilland’s Automatic Check- 
out and Recording equipment 
(ACORN). The system originally was 
designed as GSE for the Blue Streak 
missile. ACORN controls pressuriza- 
tion, fueling, auto pilot and guidance. It 
monitors pressures, temperatures, flows, 
voltages, current and frequency. In 
launch, the system starts the engines 
and operates the release gear. 

The checkout equipment performs 
either a single control action or sequen- 
tial programed routines of control ac- 
tions. Programing of the 300 available 
channels is subdivided into four main 
routines, 88 channels each, and on any 
one main routine eight subroutines may 
be programed—each subroutine consist- 
ing of an unbroken block of channels 
already programed in the main routine. 
The system weighs 1800 Ibs. = 
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Nord’s AS-30 


(Continued from page 18) 





was able to reveal almost complete per- 
formance and design details. 

“As a result, they're comparing 
apples with oranges,” one Martin offi- 
cial asserted angrily in Paris, “stacking 
their latest model up against our early 
one.” 

Nord reports that mass production 
of the AS-30 is scheduled to start at the 
end of this year. Under study is second- 
sourcing of the AS-30 outside France 
if it goes into production for NATO. 
Nord also is planning to offer the mis- 
sile to the U.S. as a competitor for 
Bullpup. 

This could raise the same dispute in 
the Pentagon stirred up earlier by the 
Nord SS-J/ antitank missile purchased 
for the Army. General Electric is li- 
censed by Nord to build the SS-// in 
the U.S.—as it did the SS-/0. Army offi- 
cials felt it was cheaper, however, to buy 
the SS-// directly from Nord, an anti- 
Buy American decision that was fought 
to highest levels in the Pentagon. 


e Costs argued—Nord asserts that 
simplified tooling set up for the AS-30 
will bring its cost well below that of 
Bullpup in quantity production. Officials 
of the French concern admit that if the 
cost of the larger warhead is included 
the AS-30 might have a higher initial 
cost than the Bullpup A. 

Martin’s position on this is that all 
AS-30 cost figures are, in fact, paper 
figures since the missile is not in mass 
production. Bullpup, on the other hand, 
has been in production and operational 
with the Navy since April, 1959, and 
with the Air Force since November, 
1960, it is pointed out. 

Nord asserts that training costs can 
be considerably lower with the French 
missile due to Nord’s development of 
a family of air-to-surface weapons, all 
employing the same guidance system— 
the AS-11, AS-12, AS-20 and AS-30. 

After initial ground training with 
an SS-0, a pilot could get his initial air- 
to-surface training in a light jet trainer 
with the AS-11, which has characteris- 
tics similar to those of the AS-30, Nord 
points out. The AS-// is ten times 
cheaper than AS-30, according to com- 
pany sources. 

He then could graduate to training 
on his own combat jet with the AS-20 
and finally AS-30. After checking out 
the AS-30, he could maintain his pro- 
ficiency with the cheaper missiles. 

Martin’s answer to this is that the 
Bullpup ASM-7A, GAM-83A, Bullpup 
B and GAM-83B themselves form a for- 
midable weapon family. In addition, a 
'GAM-83 is well along in development 
for the Air Force. This is a cheaper, 
simpler training missile with the guid- 
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ance characteristics of the GAM-83. 


Nord has designed the AS-30 for | 


Mach 2 fighters, such as the Dassault 


Mirage Ill and the Lockheed F-104. | 


Guidance equipment carried by the 
launch aircraft includes transmitter, mis- 
sile control stick, coordinate changer, 
and power supply inverter. Also in the 
aircraft are fire control and ancillary 
circuits. 

Missile launchers are fitted under 
the aircraft wing or fuselage with the 
missiles attaching at three points. To 


| 
| 


aid in observation after launch, a tracer | 
flare is fitted at the rear of the missile. | 


e Performance dispute—Nord 
claims that the French Air Force laid 
down wider operational requirements 
for AS-30 than the U.S. Navy did for 


Bullpup. Company officials point to | 


greater weight, larger wing area and 
higher maneuverability. The AS-30 can 
be fired up to 20 deg. from line-of-flight, 
it is claimed, while Bullpup cannot. 
“This simply is not true,” a Martin 
official asserts. The Air Force propor- 


tional controller for GAM-83 is known | 


to have an off-set capability greatly ex- 
ceeding that of AS-30. Exact figure is 
classified but it is believed to approach 
90 deg. after an initial straight-ahead 
launch. 

Nord also claims that AS-30 pos- 
sesses an operational advantage in that 
a fighter can fire it horizontally from 
behind a hill and then fly it into the 
target, pulling away from the target area 
at distances as great as 2.5 mi. This, 
together with a greater range, means a 
fighter can operate more than a mile 
further away from the defense with 
AS-30's than it can with Bullpups, the 
French company asserts. 

“Again, not true,” is the Martin 


answer. Martin asserts that fusing in | 


the AS-30 warhead gives the French 
missile a longer minimum range and 
shorter maximum range. This smaller- 


range envelope, it is charged, means the | 
AS-30 cannot fly as long or hit as close 


in as Bullpup. 

Martin spokesman point out that the 
GAM-83B possesses an additional ad- 
vantage in that it is a nuclear weapon 
while Nord claims only that its AS-30 
has a nuclear capability. 


Nord has not emphasized AS-30's | 


capability in meeting environmental re- 
quirements on vibration, temperatures 
and fungus; Martin asserts Bullpup has 
fully qualified in this respect. 

Both Nord and Martin claim high 
reliability for their weapons, with the 


Navy permitting Martin to say that | 
| of Virginia, a Kollmorgen subsidiary. 


Bullpup reliability is in excess of 90%. 

Nord claims high accuracy for its 
new weapon. Navy reports show that 
Bullpup has surpassed its specification 
requirements on accuracy. 3 
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A celestial navigation system called 
for a tracking device capable of estab- 
lishing a line of position within an 
accuracy of 300 feet. Kollmorgen 
came up with a constant deviation 
elevation system that positions a mov- 
able mirror, in relation to the fixed 
elements, to a repeatable accuracy 
of better than 5 parts in a million. 


This compact package represents a 
combination of highly precise opti- 
cal and electronic units in a housing 
only 6 x 6 x 10 inches. Kollmorgen’s 
project from concept to installation, 
it is a typical demonstration of the 
company’s scientific, engineering and 
manufacturing skills in optics, elec- 
tronics, mechanics. Example: the pre- 
cision optics (a prism and two mirrors) 
are of Kollmorgen manufacture. So, 
too, are the Inland torque motor’, 
the gearing and other precision-ma- 
chined parts. 


Our motive in this message: Koll- 
morgen offers proven capabilities in 
optics, electronics and precision ma- 
chining of metal components . . . cap- 
abilities which could solve your 
problems in missile tracking, fire 
controls, navigation, or. . .? 


Present us with a problem. 
*Product of Inland Motor Corporation 


Dept. 6-6 
/« *KOLLMORGEN 
i. c) CORPORATION 
\ NORTHAMPTON, MASGACHUGETTS 
eee 
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Douglas Gears Up for Saturn S-| 


by Frank G. McGuire 


SACRAMENTO, CALir.—Modification 
of two Thor test stands and installation 
of two 90,000-gallon liquid hydrogen 
tanks is well under way here in prep- 
aration for the Saturn S-1V vehicle test 
program, expected to begin late next 
year 

Douglas Aircraft Co., developer of 
the S-/V stage for NASA’s Marshall 
Space Flight Center, estimates that the 
modification will cost $2 million. 

S-IV, slated to use six 15,000-Ib.- 
thrust liquid hydrogen/liquid oxygen 
engines, is currently in its engineering 
design stage at the Douglas Santa Mon- 
ica plant, The Pratt & Whitney LR-115 
engines will be run through a series of 
advanced engine tests on the stands be- 
fore full vehicle static tests are con- 
ducted 

Douglas said all vehicles in the S-JV 
program will go through the Sacra- 
mento facility, whereas only selected 
Thor vehicles were sent here. Ten ve- 
hicles are involved so far, with possibil- 
ity of follow-on orders likely. Six or 
seven months of “battleship” tests will 
precede production vehicle tests, in 


order to wring out propulsion systems. 

Dwell time of each S-JV vehicle at 
the Sacramento facility will be about 
two months, company officials said. 
They declined to estimate when the 
first ten vehicles now committed would 
complete tests. 

H. M. Thomas, Douglas S-/V Pro- 
gram Manager, said he does not expect 
that his firm’s part of the program will 
be delayed by the difficulties being ex- 
perienced with the propulsion system 
(M/R, May 15, p. 33). He said 
Douglas has been assured that troubles 
will be cleared up in sufficient time for 
his group to continue unaffected. 

Testing at Sacramento will be done 
under Douglas manager J. F. Goodman, 
who also conducted all Thor tests at the 
Site. 

Stand #1 is a single-position unit to 
be used for the battleship tests (con- 
ducted with over-strength, non-flying 
hardware) and for acceptance tests with 
the flight-weight production vehicles. 

Stand #2B is a two-position unit, 
one side of which will be used to house 
a prototype flight-weight vehicle (not 
one of the ten delivery models) for 
continuing tests as a laboratory to check 


all systems. This prototype unit will r 
main in stand #2B throughout the pri 
gram, and modifications found desirab 
through tests on it will be introduc« 
into the delivery vehicles. 

Thomas told M/R the switch to s 
LR-115 engines instead of the origin 
four LR-119 engines required modific 
tion of the battleship tankage at the sit 
but not of a magnitude to cause ar 
delays. 

Coolant water for the tests will | 
drawn from local sources and will not 
be reclaimed. 

The entire facility has one block- 
house and one central control station to 
serve both test stands, with patchboards 
used to switch from one to the other 

During the latter part of 1962, Doug 
las expects to mount the first six S-/} 
engines in stand #1 for engine runs up 
to the 90,000-Ib.-thrust level. 

During static firings, a steam-evacu 
ated altitude simulator will create oper 
ational altitudes of about 100,000 feet 
for engine ignition, the altitude attain 
able within 90 seconds from start. The 
steam will be generated by a 250 hp 
steam plant with accumulators; and 
ejectors & diffusers will create the simu 





TEST STAND #1 (foreground) and Stand #2B, during modification from Thor test program to Saturn S-1V program 
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lated altitude. Steam will be stored at 
250 psi in tanks beside each stand. 

The Douglas site at Sacramento 
totals 4000 acres and presently has 
about 250 personnel, which is expected 
to increase as the S-JV program gets 
rolling. 

The liquid hydrogen tanks, each 35 
feet in diameter, will hold 90,000 gal- 
lons each, with boil-off limited to ap- 
proximately 0.13 of one percent per 
day. The tanks, believed to be the 
largest spherical liquid hydrogen tanks 
in the country, are constructed of a % ”- 
thick Kaiser aluminum internal sphere, 
with a 2%-foot air-evacuated space 
filled with 60,000 Ibs. of expanded vol- 
canic silicate between it and the external 
steel sphere. The volcanic silicate is ex- 
pected to provide sufficient insulation 
for the 500-degree differential between 
the liquid hydrogen at —423°F and the 
ambient temperature of the Sacramento 
area. 

Segments of the tanks were welded 
on-site by the Chicago Bridge and Iron 
Co., then assembled by cranes. The 34,- 
000-ib. internal sphere, resembling an 





















CHICAGO BRIDGE & IRON CO. crews assemble liquid hydrogen tanks for Saturn 
S-IV testing. Each of the 35-ft.-dia. tanks will hold 90,000 gallons of fuel. 


and suspended on long rods designed to 
reduce heat transfer. 

Gaseous hydrogen will be used to 
pressurize the internal tank, Thomas 
said, to a level of about 80 psi, and the 
liquid hydrogen will be pumped through 
vacuum-jacketed transfer lines at the 
rate of 2000 gallons per minute. These 
lines are a four-inch stainless steel car- 
rier pipe within a six-inch steel pipe, 
with boil-off reduced by a one-inch air- 


Transportation for the S-/V, if a 
current Douglas proposal is carried 
through, involves securing the stage 
atop a C-133 for flying to launch sites 
Wind tunnel tests indicate the plan is 
feasible, with minor modifications to the 
plane, including addition of vertical 
stabilizing surfaces at the tips of the 
horizontal stabilizers, and beefing up 
the load-bearing section of the fuselage 
An alternate plan calls for 24-day ship- 





aluminum space-age volleyball, was less barrier between the two pipe 
lowered into the 110,000-lb. outer tank surfaces. ment by barge. 3 
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OVERALL VIEW of the Douglas-Sacramento Saturn S-IV 
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The only single source 
for a complete and com 
prehensive analysis of 
world missile/space sys 
tems, M/R’s 1961 Mis 
sile/Space Encyclopedia 
will include diagrams 
and descriptions of all 
U.S. and foreign missiles 
and spacecraft 


The 5th annual issue of 
the Missile/Space Ency- 
clopedia will be distrib 

uted to MISSILES AND 
ROCKETS’ 32,500" paid’ 
subscribers—plus a bonus 
circulation of 7,500 for 
distribution to top -mili 

tary personnel and to 
U. S. service academies. 


CONTIN Cae of 


With a total distribution of more 
than 40,000, M/R’s July 17 Mis 
sile/Space Encyclopedia issue 
will thus reach virtually all of 
the people who direct the activi 
ties of the missile/space indus 
try, with the most complete 
coverage.in.depth of key buy 
ing and specifying influences. 


Subject to audit 
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Shift in Space Plans 





(Continued from page 14) 


to develop flyable solid super-boosters 
range from 18 to 36 months. The cost 
of clustering them and developing the 
far more powerful lunar boosters has 
been estimated at more than $1 billion. 

The Air Force will receive $15 mil- 
lion to develop the Martin Titan Il as 
the first and second stages of a space 
booster. It was not immediately clear 
whether the Titan I] would be modified 
to use the Lockheed Agena B or Con- 
vair Centaur as an upper stage; would 
be upgraded, or both. 

The Titan I] without modification is 
expected to be capable of boosting an 
8000-Ib. payload into a 300-mile orbit— 
only about 500 Ibs. less than the Atlas 
Centaur. 

The Kennedy revisions brought the 
NASA authorization request for FY °62 
to a total of $1.8 billion—nearly $700 
million more than requested by the 
Eisenhower Administration. The $77 
million for the Defense Department 
brought the total authorization for 
military astronautics to about $850 mil- 
lion. 

© Half - loaf? — The now - planned 
wide range of boosters is designed to 
give the United States a large and varied 
capability to operate both scientific and 
military equipment in space. But other- 
wise the Kennedy revisions left the 
Armed Forces without the means many 
military men feel they need now to de- 
fend the country in the Space Age. 

Earlier this month Brig. Gen. Don 
Flickinger, Air Force bioastronautics 
expert, told a House committee: “I feel 














NASA FY ’62 Construction 
Eisenhower First Kennedy Second Kennedy 
Budget Revise Revise 
(January) (March) (May) 
Langley Research Center $ 3,980,000 $ 3,980,000 $ 3,980,000 
Ames Research Center 6,380,000 5,680,000 5,680,000 
Lewis Research Center 3,590,000 3,590,000 3,590,000 
Goddard Space Flight Center 9,212,000 9,212,000 9,212,000 
Wallops Station 6,313,000 6,313,000 6,313,000 
Jet Propulsion Laboratory 3,642,000 3,642,000 3,642,000 
Marshall Space Flight Center 8,891,000 12,891,000 12,891,000 
Atlantic Missile Range 32,583,000 49,583,000 49,583,000 
Pacific Missile Range 998,000 998,000 998,000 
Various locations: 
Tracking facilities 16,811,000 15,761,000 20,761,000 
Propulsion development facilities 1,175,000 1,175,000 31,175,000 
Neva deve'opment and launch 
facilities — — 28,000,000 
National nuclear rocket 
development facility — — 15,000,000 
Manned space flight laboratory -— — 60,000,000 
Sounding rocket facilities 500,000 500,000 500,000 
Damage repair and special 
construction 750,000 750,000 750,000 
Advanced facility planning and 
design 5,000,000 5,000,000 10,000,000 
Total appropriation 
requests $ 99,825,000 $119,075,000 $262,075,000 








evidence that the Soviets have estab- 
lished quite a firm lead in manned space 
flight technology. As a military man in 
the life sciences area, I might say my 
greatest concern is their possible use of 
this superior technology to deny space 
to any of our vehicles either manned or 
unmanned in the relatively near future.” 

NASA Administrator James Webb 
told another House committee on May 
15: “I think . . . our whole main effort 


the concern of General Flickinger.” 
But regardless of these indications, 
Kennedy is still on record as saying the 
United States is now racing toward the 
moon in the name of science and na- 
tional prestige. And most of the money 
that the Air Force has sought to develop 
military spacecraft has been refused. 
The marching orders and map pro- 
vided by the President for the U.S 
drive into space appeared unclear at 











that we have fairly incontrovertible is moving in the direction indicated by _ best. 34 
NASA FY '62 Personnel 
EMPLOYEES APPROPRIATION REQUESTS 
Eisenhower First Kennedy | Second Kennedy Eisenhower First Kennedy © Second Kennedy 
Budget Revise Revise Budget Revise Revise 

(January) (March) (May) | __(Janvary) (March) (May) 

NASA Headquorters 919 951 1,451 $ 13,032,000  $ 13,302,000 $ 19,339,000 
Langley Center 3,220 3,330 3,628 31,451,000 32,197,000 34,702,000 
Ames Center 1,437 1,437 1,570 16,134,000 16,134,000 17,290,000 
Lewis Center 2,754 2,824 2,993 27,800,000 28,284,000 29,895,000 
Flight Center 494 494 494 4,268,000 4,268,000 4,268,000 
Goddard Center 1,798 1,828 2,028 25,124,000 25,424,000 27,237,000 
Space Task Group 800 840 1,640 9,900,000 10,260,000 17,103,000 
Wallops Station 299 299 399 3,118,000 3,118,000 3,808,000 
Marshall Center 5,500 5,960 6,960 61,119,000 65,319,000 73,854,000 
Western Office 65 85 85 917,000 1,107,000 1,107,000 
AEC-WASA Nuclear Office 5 23 23 61,000 211,000 211,000 
Life Sciences Station 51 51 151 476,000 476,000 1,286,000 
Total 17,342 18,122 21,422 193,400,000 200,100,000 230,100,000 

Less anticipated reimbursements —3,414,000 —3,414,009 —3,414,000 
Total appropriation requests $189,986,000 $196,686,000 $226,686,000 
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At Tulsa Conference... 





Peaceful Benefits of Space Lauded 


by John W. Herrick 


Tutsa, OKLA.—NASA and industry 
joined hands this last week to hail the 
expected multibillion-dollar boon to 
mankind from space exploration for 
peaceful purposes. 

Some 1400 people attended the first 
National Conference on Peaceful Uses 
of Space at the Tulsa Fairground, a site 
apparently chosen by two prominent 
sons of Oklahoma, NASA Administra- 
tor James Webb and Chairman Robert 
S. Kerr of the Senate Space Committee. 

Webb and Kerr set the tone of the 
two-day conference. 

“All of the effects of the national 
space program will not be confined to 
outer space, itself,’ Webb said. “These 
effects will go beyond the impression 
they make in the minds of men around 
the world. You as a citizen, as a worker, 
as a parent, as a patient in a hospital, 
will feel them in your daily life.” 

Webb said that 3200 space-related 
products already have been developed 
in the United States. 

Kerr warned that “the development 
of space programs is vitally important 
for national defense” and the nation 
“must never be unmindful of the tre- 
mendous military implications.” But, he 
said, he saw “greater challenges to ex- 
plore and utilize space for peaceful 


purposes. 
“I am convinced that the nation 
which leads in exploring and using 


space for peaceful purposes can best 
build, improve and inherit the earth,” 
Kerr said. 

e Satellite communications — too 
costly?—Officials from RCA, General 
Telephone & Electronics Laboratories, 
Bell Telephone and other interested 
firms stressed the nation’s urgent need 
for communications satellites. The only 
sour note in this area was struck by 
Edward R. Murrow, director of the 
U.S. Information Agency and former 
CBS vice president. 

Murrow told the conferees that 
“over much of this globe there are un- 
fed bodies that will turn to our satellite 
system with but marginal interest.” And 
he added: “Maybe schools and sewers 
are more important than satellites.” 

In an uncut version of his speech 
Murrow also said: “In the field of com- 
munications satellites, I am told the 
Soviets have virtually defaulted. With 
ynly one horse in this race, we can be 
issured of a victory, regardless of our 
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Portrait of Mariner at Work 


VENUS FLY-BY MARINER A—a 1000-lb. instrumented spacecraft slated to be 
launched next year by an Atlas-Centaur—is equipped in this Jet Propulsion Laboratory 
model with two solar panels, electronics package, high-grain earth antenna, radiometer 


antenna to measure plant temperatures, and magnetometer boom 


pace. But is it worth the cost? I do not 
mean to suggest an answer so much as 
to suggest that there are priorities to 
consider and assessments to weigh.” 

J. R. Pierce of Bell Telephone re- 
plied: “The ultimate cost (of trans- 
oceanic telephony by satellite) will be 
considerably less than providing such 
circuits by cable.” 

e “No alternative’—Among the 
most incisive addresses was one by Don- 
ald W. Douglas, Jr., president of Doug- 
las Aircraft. He explored the great 
changes brought to industry by the mis- 
sile and space age. 

“During World War II, engineering 
and scientific employes made up only 3 
percent of our total employment (at 
Douglas) ,’ he said. “Five years later this 
force amounted to 10 percent of all em- 


ployes. With the arrival of missiles, the 
number of engineers and scientists rose 
to 15 percent and, with the addition of 
space programs, now amounts to 20 
percent... .” 

Douglas predicted that in the next 
10 years the proportion will grow to 
“one technical employe to every two 
shop and clerical employes.” 

Moreover, Douglas said the quality 
of the technical man and factory work- 
er is steadily rising. He said “tomorrow 
the minimum standard for the majority 
of engineering jobs may well become a 
master’s degree.” 

“The second Industrial Revolution 
has left us no alternative,” he said. “We 
need men of knowledge, talent and cre- 
ativity to spearhead our advance deeper 
into the Space Age.” 8 
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—tontracts 


NASA 

$6,000,000-—-General Electric's Missile and 
Space Vehicle Dept., Philadelphia, for de- 
velopment of satellite control system to 
seek out stare for use in the Orbiting 
Astronomical Observatory Subcontract 
from Grumman Aircraft Engineering Corp. 

$248,000-—-Atiantic Research Corp., Alexandria. 
Va., for 12 Irte rockets for carrying instru- 
mented payloads between altitudes of 40 
and 200 miles 

$145,000-—-Collins Radio Co., Cedar Rapids, 
lowa, for single sideband radio transceiv- 
ers and fixed station equipment and 
accessories 

$112,636—-Genera!l Dynamics/Astronautics Div., 
San Diego, Calif; $128,804, Lockheed's 
Missiles and Space Div., Sunnyvale, Calif; 
for systems studies to determine the po- 
tential performance of the Saturn booster 
using nuclear stages having various per- 
formance characteristics 

$106,000-—-Wilmot Castile Co., subsidiary of 
Ritter Co., Inc., Rochester, N.Y., for in- 
vestigation of various methods of steriliz- 
ing missile components 

Cuble Corp., San Diego, Calif, for AGAVE 
tracking system, and participation in the 
Samos reconnaissance satellite program 
Two contracts. No amount disclosed 


MISCELLANEOUS 


$1,310,000-—-American Electronics, Inc., Los 
Angeles, comprised of $760,000 from Boeing 
Co., Seattle, for a static rotary power 
supply system for use at Minuteman 
underground launch sites; $326,000 from 
Bendix Corp., Kansas City Div., for sub- 
miniature components; and $57,000 from 
Raytheon Co., Aero/Weapons Div., Wal- 
tham, Maass., for special motors used in 
the Hawk and Sparrow missiles 

$1,000,000—-Pederal Laboratories, Inc., Salts- 
burg, Pa., a subsidiary of Breeze Corp., 
for the manufacture of tear gas 

$500,000—-HST Division, Dresser Electronics, 
Gariand, Tex., for engineering and pro- 
duction of special power supplies for 
traveling wave tube amplifiers 


NAVY 

$58,659,000-—-Bath Iron Works, Bath, Me., for 
construction of three guided-missile frig- 
ates. Vessels to have twin carrier/Asroc 
missile launchers and the DASH (drone 
antisubmarine helicopter) system. 

$7 ,400,000—Libr pe Div., G 1 Precision, 
Inc., Glendale, Calif.. for production of 
torpedo fire-control systems. 

$1,500,000-—-Collins Radio Co., Cedar Rapids. 
Iowa, from BuWeps, for communication, 
navigation and identification systems 
(CNI); $640,679 for ground support equip- 
ment for CNI systems. (Two contracts.) 

$1,001,108-—Texas Instruments, Inc., Dallas, 
for airborne radar systems for installation 
aboard carrier-based aircraft 

$723,000-—-Emertron, Inc., Jersey City, N.J., 
from BuWeps, for reserch program in 
conjunction with development of new air- 
borne electronic countermeasures systems 

$675,000-—-Rocketdyne Div., North American 
Aviation, Inc., Canoga Park, Calif.. from 
BuWeps, for development of advanced 
solid propulsion system for the Sparrow 
missile 

$670,000—Bendix Corp., Ann Arbor, Mich. 
from BuShips, dispatch contract to begin 
work on expected §3-million program for 
development of shipboard communications 
terminal for use with the Advent satellite 
communications program 

Electro Nuclear Systems Cerp., Minneapolis. 
for research in undersea acoustic measure- 
ments, data processing and analysis. No 
amount disclosed 


ARMY 

$7,050,000-—Western Electric Co., for contin- 
ued development work on Nike-Zeus mis- 
sile system. Work to be done by Bell 
Telephone Laboratories, Whippany, N.J 

$355,000-——Mallicrafters Co., Chicago, from Sig- 
nal Supply Agency, for development of 
airborne target simulator system to test 
radar equipment portions ef Nike-Zeus 
missile system 
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The Garrett Corp.'s AiResearch Mfg. Co., Los 
Angeles, from Picatinny Arsenal, for de- 
velopment of miniature turbogenerator 
designed for one-shot missile applications 
No amount disclosed 


AIR FORCE 


$13,000,000—-General Electric's Missile and 
Space Vehicle Dept., for servicing and 
installing equipment in re-entry vehicles 
at nine Atlas ICBM bases 

$3,000,000—-Baird-Atomic, Inc., Cambridge, 
Mass., from Lockheed’s Missiles and Space 
Div., for infrared detection systems for 
Midas satellite. 

$1,250,000—Electronic Communications, Inc., 
St. Petersburg, Fla., for new airborne UHF 
Multiplex Communications system 

$410,000—Cessna Aircraft Co., Wichita, Kan., 
from Boeing Co., for additional trans- 
porter-erector containers for the Minute- 
man missile. 

$113,000—Datex Corp., Monrovia, Calif., from 
North American Aviation, Inc., for design 
and manufacture of five digital control 
systems to be used as training aids on 
Hound Dog missiles. 

$50,000—United Control Corp., Bellevue, 
Wash., from North American Aviation, 
for launch zones computing systems for 
operation with Sidewinder missile 

$50,000—RIAS, The Martin Co.’s research 
division, from OSR, for study of electron 
currents in crystals. 

The Garrett Corp., Los Angeles, from Boeing 
Co., for development of hydrogen cooling 
system for Dyna-Soar. No amount dis- 
closed 


REQUESTS 


The NASA Procurement Office, Marshall 
Space Flight Center, Huntsville, Ala., has 
issued a Request for Proposal No. TP 84044, 
for the development of a payload capsule for 
electrical propulsion system flight testing 

In the performance of this program, the 
contractor will design, fabricate, and test the 
capsules which will be used to test the en- 
gines. A total of seven capsules, three for 
ground testing and four for actual flight 
tests, will be furnished. Complete launch 
support will be provided by the contractor 
also 


Proposals are due to be received at the 
Office of Procurement and Contracts, 
Marshall Space Flight Center, NASA, Hunts- 
ville, Ala., by June 24, 1961 

The following firms have been invited to 
participate: Lockheed Aircraft Corp., Sunny- 
vale, Calif.; Northrop Aircraft Corp., c/o 
J. R. Bruce, 3322 Memorial Parkway, 5.W.., 
Huntsville, Ala.; United Aircraft Corp., East 
Hartford, Conn.; General Electric Co., Mis- 
siles and Space Div., c/o J. E. Harrell, Jr., 
112 Gallatin St., Huntsville, Ala.; Space 
Technology Laboratories, Inc., Canoga Park, 
Calif.; Bendix Corp., Ann Arbor, Mich.; 
Aerojet-General Corp., Holiday Office Center, 
Huntsville, Ala.; Hughes Research Labora- 
tories, Hughes Aircraft Co., 2806 Memorial 
Parkway, S.W., Huntsville, Ala.; Chance 
Vought Corp., Dallas 22, Tex.; Kelsey-Hayes 
Co., Detroit 32, Mich.; Ryan Aeronautical 
Co., 302 Electric Service Center, Huntsville, 
Ala.; Aveo Corp., Wilmington, Mass.; United 
Systems Corp., Washington, D. C., Aero- 
nutronics Div., Ford Motor Co., 3312 Memo- 
rial Parkway, S.W., Huntsville, Ala.; Convair 
Div., General Dynamics Corp., San Diego, 
namics Corp., San Diego, Calif.; Electro- 
Calif.; General Atomic Div., General Dy- 
namics Corp., San Diego, Calif.; Electro- 
Optical Systems, Inc., Pasadena, Calif.; 
Douglas Aircraft Co., Santa Monica, Calif.; 
Plasmadyne Corp., 3839 So. Main St., Santa 
Ana, Calif.; Radio Corp. of America, Prince- 
ton, N. J.; Rocketdyne, Canoga Park, Calif.; 
Tapeo Group, Thompson Ramo Wooldridge, 
Inc., Cleveland 4, Ohio; North American 
Aviation, Los Angeles 45, Calif.. Att: L. L 
Waite, Vice Pres.—Goodrich-High Voltage 
Astronautics, Inc., Burlington, Mass 

NASA suggests that small business firms 
or others interested in subcontracting oppor- 
tunities on this procurement make direct 
contact with the above firms. 


letters 


(Continued from page 7) 


new mare such as the Mare Imbrium 
Some near-surface voids may have col- 
lapsed, forming certain of the craters which 
dot these seas. 

If this simple-minded picture is reason 
ably correct, then a considerable volume 
of the Moon's outer structure consists of 
voids in the form of bubbles. These shrink 
age voids would undoubtedly trap volcanic 
type gases. As time passed, these gase: 
would cool and the steam condense out a: 
water. As a consequence, the Moon would 
be honeycombed to considerable dept! 
with small-to-vast pressurized pockets o 
water, CO, CO,, SO:, N: and trace ele 
ments and compounds. By drilling, suc! 
reservoirs could be tapped for gas an 
water. 

It is entirely possible that the Moor 
may contain, percentagewise, as much gas 
and water trapped in its outer skin as the 
Earth has in its hydrosphere and atmos 
phere. 

Should this picture be even partially 
true, the Moon's ultimate potential cannot 
be overestimated. It would be necessary to 
think in terms of a three- rather than a 
two-dimensional geography. Ultimately, 
through the exploitation of these voids, 
the effective shirt-sleeve usable area of the 
Moon might approach that of an Earth 
continent. 

All of this is strictly speculative. How- 
ever, if it were even partially true, the 
implications for tomorrow's society would 
be enormous. Should the Communists ex- 
ploit such a potential the consequences 
would be overwhelming. 

Our lack of urgency in this area of 
exploration could possibly cost us dearly 
in the coming years. 

Edward H. Dingman 
Littleton, Colo. 


Pluto Calculation 


To the Editor: 

In M/R, April 24, p. 15, under the 
heading, “Fallout of the ANP Program,” 
you state that the heat transfer calcula 
tional techniques developed in this pro 
gram are now being used in the Pluto pro 
gram. This is not correct. The calculational 
techniques we use were developed here in 
their entirety, starting nearly two years 
before we were even engaged in the Pluto 
program. In addition, the functional form 
of the correlation used for local heat trans 
fer coefficients is based solely upon early 
theoretical and experimental work carried 
out at NACA. The normalization constant 
now used was first derived by GE-ANP 
personnel from unpublished NACA data, 
since only they were in possession of the 
data at that time. Finally, the experimental 
verification of our calculations under the 
most extreme flow conditions was carried 
out here. 

Robert H. Fox 
Assistant Division Leader 

for Advanced Reactor Research 
Lawrence Radiation Laboratory 
Livermore, Calif. 
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products and processes 








Ultra-Precision Tooling Balls 


The Emmco Development Corp. has 
available a line of ultra-precision Tool- 
ing Balls welded by the Fridg-Flash 
process which have accuracies up to 
50 millionths T.I.R. concentricity of ball 
to shank, 10 millionths ball roundness, 
+20 millionths ball diameter, and | to 


Semiconductor Bases 


Ready-to-weld copper semiconduc- 
tor bases, with integral steel rings 
already brazed in place, are available in 
the full-hard condition from Standard 
Pressed Steel Co. The base material 
is a hardenable copper alloy which pos- 
sesses electrical and thermal conduc- 
tivity properties comparable to those of 
oxygen-free copper. 

Circle No. 226 on Subscriber Service Cord 


Hi-Temp Furnace 


A small, compact furnace which 
heats up to 2000°F in one _ hour, 
2300°F in one and a half hours, is 


available from L & L Mfg. Co. A con- 
stant level of temperature — ranging 
from 300°F to 2300°F—can be main- 
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2 micro-inch ball finish. 

Ball and shaft are minimum 45 
Rockwell C, and built-in insurance 
against accidental use of bent or in- 
accurate tooling balls is incorporated 
into the two-piece construction. 

Circle No. 225 on Subscriber Service Card 


tained by means of input controllers. 
These can be set at from 7% to 100% 
of input. Zone gradient control operates 
by multiple circuits, with each circuit 
having its own input controller. 

Circle No. 227 on Subscriber Service Card 


Mag-Clutch Combination 


A size 11 magnetic clutch and spring 
centering mechanism coupled to a 
center-tapped potentiometer is available 
from Orbit Instrument Corp. Clutch 
energization engages the potentiometer 
for continuous rotation in either direc- 
tion. Clutch disengages on de-energiz- 
ation and the spring centering mech- 
anism returns potentiometer shaft to 
+15 mins. of pot centertapped position. 
Return time is under 1/2 sec. and fater 
returns can be obtained. Operating life 
is 1000 hours. 

Circle No. 228 on Subscriber Service Cord 


Plastic Wiring Duct 


An open-slot plastic wiring duct, 
available in an extended range of 25 
different sizes, is being marketed by 
Panduit Corp. Designated Type E Pan- 
duct, the design incorporates rounded 
top surfaces on the duct. This protects 
wire insulation. 

Circle No. 229 on Subscriber Service Card 


Porosimeter 

Quick, easy and accurate pore struc- 
ture evaluations are readily obtainable 
using a porosimeter available from 
American Instrument Co. 

Two Porosimeter models are avail- 
able; one rated at 5,000 psi and pore 
diameter size to 0.035 microns, the other 
rated at 15,000 psi and pore diameter 
size to 0.012 microns. 

Circle No. 230 on Subscriber Service Card 


Band Pass Filters 

Maury & Associates are marketing 
a series of miniaturized, tunable and 
extremely rugged band pass filters. The 
filters were designed for missile-borne 
applications and can withstand severe 
shock and vibration. They are manufac- 
tured to exacting standards from alumi- 
num and rhodium-flashed over silver 
plate. They are negligibly affected by 
temperature or humidity changes. The 
filters have integral mounting features 
and are supplied with a locking tool 
for positive locking. Tuning is accom- 
plished by a simple screwdriver adjust- 





ment. The filters are available at any 
center frequency from 100 to 4000 mc 
in dual or triple section units, and are 
supplied with either Type BNC, TNC, 
N or C connectors. 


Circle No. 231 on Subscriber Service Card 


Linear Potentiometer 


The New England Instrument Co. 
has available a linear motion potentiom- 
eter with a stroke of 12 in. The unit 
has a wire-wound element with high 
resolution and a standard linearity of 
0.05%—closer linearity can be sup- 
plied on special order. 

Circle No. 232 on Subscriber Service Card 


Environmental Thermostats 


A group of special thermostats for 
use whenever moisture, fumes or dust 
are a problem is available from Stevens 
Manufacturing Co., Inc. Type GP 
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... products and processes 





thermostats, listed in UL File SA 1761, 
are rated for 100,000 cycles up to a 
maximum operating temperature of 
176°F. Actual electrical ratings vary 
according to operating conditions and 
other factors. At 120 VAC, ratings are 
15 amps resistive, 5.2 amps FLA and 
31.2 amps LRA. 
Circle No. 233 on Subscriber Service Cord 


Digital System 

Kin Tel Division of Cohu Elec- 
tronics, Inc. is producing a multi- 
channel, digital system which displays 
and records multiple low-level data 
signals. The system, Model ER-3295, 
accepts minute voltages from a number 








of strain gages and thermocouples, am- 
plifies and measures them, indicates the 
measured values numerically and re- 
cords the measurements. 

The finished record is a perforated 
tape which can be run through a com- 
puter or a combined tape reader and 
electric typewriter. 

Circle No. 234 on Subscriber Service Cord 


Silicon Power Varactors 


A series of 55 silicon power varac- 
tors housed in a hermetically sealed, 
reversible cartridge for applications in 
the | mc to 10,000 mc region are avail- 
able from Microwave Associates, Inc. 
The types are considerably more effi- 
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cient than previous types offered for 

harmonic generation applications and 

will handle substantially higher power. 
Circle No. 235 on Subscriber Service Card 


Airless Spray Coating 


A Tygon® Protective Coating—The 
Tygon AV Series—designed for use 
with airless spray equipment is avail- 
able from the Coatings & Linings Divi- 
sion of the U. S. Stoneware Co. 

Possessing the same basic cororsion- 
resistant properties of conventional 
Tygon top-coat, the AV series can be 
used over any standard Tygon primer. 
In airless spray applications continuous 
passes can be used to build virtually 
any desired mil thickness in one coat 
without sags. 

Circle No. 236 on Subscriber Service Card 


Bench Altitude Chamber 


A custom-built altitude and temper- 
ature test chamber, with refrigeration 
and compressor units on top of the 
chamber to permit the unit to be 
mounted on a work bench, has been 
produced by Aerotest Laboratories, Inc. 
The unit will reach an altitude of 
90,000 ft. with a rate of climb of 5000 
ft./min. Temperature drops to 100°F 
in 55 minutes, and rises to +250°F 
in 30 minutes. 

Circle No. 237 on Subscriber Service Card 


Temperature-Humidity Box 


Hudson Bay Co., division of Lab- 
line, Inc., is marketing a 4-ft.* upright 
temperature-humidity test cabinet. The 
unit has a temperature range of 0° to 
200°F with a control tolerance of 
+2°F and a humidity range of 20% to 
95% RH within +5%. 

Circle No. 238 on Subscriber Service Card 


D-C Relay Tester 


A DC Relay Tester Model 700 for 
adjusting and checking all types of d-c 
relays, magnets, small motors or other 
magnetic devices is available from Bliss 
Electronic Corp. The test set is self- 
powered and electrically isolated so that 
it may be connected to wired unit with- 
out removing them from the circuits 

Circle No. 239 on Subscriber Service Card 


Saturable Core Reactor 


A saturable core reactor wound with 
virtually no air gaps, which results in 
an extremely low magnetizing current 
and an unusually low noise output is 
available from Northelfer Winding Lab- 
oratories, Inc. The range of the 15 
KVA, 1 @ saturable core reactor is 





approximately 2% to 98%, depending 
upon the resistive load. Northelfer satur 
able core reactors are manufacture 
in ranges from 1 to 500 KVA in |! 
2 or 3 6. 

Circle No. 240 on Subscriber Service Cord 


Commutating Switch 

Airflyte Electronics Co. is market 
ing a sub-miniature rotary commutating 
switch. Housed in a size #5 can, the 
commutator weighs less than 1.28 cc 
Commutating surfaces are 18-karat 
gold, and brushes are multiple-strand, 
precious-metal, spring-temper, small-di- 
ameter round wire with current-carrying 
capacities to 250 milliamperes. 

Circle No. 241 on Subscriber Service Card 


Capacitance Calculator 

An easy-to-use capacitance calcula- 
tor is available from General Electric’s 
Wire and Cable Department. Designed 
in the form of a nomograph, it allows 
the user to estimate electronic cable 
capacitance or conductor size and/or 
insulation wall thickness to meet capaci- 
tance requirements without using alge- 
braic equations. 

Circle No. 242 on Subscriber Service Card 


Collapsible Antennas 

The first unit, Model #521A, in a 
line of modular construction collapsible 
antennas, designed for a variety of quick 
erection functions in the 350 to 600 
megacycle frequency range, is availabie 
from Avien, Inc. 

The antenna is a four-element array. 
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It measures 6 x 6 x 7 ft. in operation, 
and collapes to 4 ft. x 4 ft. x 20 in. The 
=521A can be further broken down for 
storage, and is transportable. Including 
manual pedestal, the array weighs only 
15 Ibs. 

Circle No. 243 on Subscriber Service Card 


Ganged Potentiometer 

As many as 24 precision rotary po- 
tentiometers can be ganged on a single 
shaft in a length of only 6 inches in 
the Series 319 potentiometer from 
Daystrom, Inc. 

Installation time and cost can be 
saved in matching, balancing, and ad- 
justing variables in all other types of 
precision control, computing, and tele- 
metering circuit networks. 

Series 319 rotary potentiometers can 
be ordered with potentiometers already 





ganged. The special wiper technique 
permits rapid phasing of individual po- 
tentiometers after installation, using a 
simple adjusting tool. 

Circle No. 244 on Subscriber Service Card 


Glass Zener Diodes 


Subminiature glass zener diodes with 
an extremely wide voltage range (3.3 
to 30 volts) and rated at 250 milliwatts 
power dissipation are available from 
International Rectifier Corp. Designated 
types QZ3.3T10 through QZ30TS, units 
are available in both 5% or 10% volt- 
age tolerance types, and have a max. 
zener impedance range from 5 to 70 
ohms. The devices are process-selected 
to provide exceptionally sharp zener 
characteristics. 

Circle No. 245 on Subscriber Service Card 


Fast Curing Epoxy 


Allaco Produces is marketing a 
rapid-curing formulated epoxy adhesive. 
MINIT-CURE will cure in 60 seconds 
at room temperature and can be accel- 
erated to 45 seconds with use of infra- 
red heat. Possible applications include 
bonding metal to metal, plastic to metal, 
plastic to plastic or any other porous 
or non-porous surfaces. 

Circle No. 246 on Subscriber Service Cord 


Parametric Amplifier 

A low-noise L-band diode para- 
netric amplifier for installation in 
\N/TPS-1D, AN/TPS-1G and AN 
FPS-36 radar systems has been devel- 
oped by Melabs. The parametric ampli- 
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fier sets the system noise figure at 2 db 
or better. This represents a 7 db in- 
crease in sensitivity and is equivalent to 


a 50% increase in range for a given 
target or a five-fold decrease in mini- 
mum target size at a given range. The 
unit has an instantaneous bandwidth of 
10 mec or more, which is tunable from 
1200 to 1400 me. 

Circle No. 247 on Subscriber Service Card 


Audio Multicoupler 

A completely transistorized audio 
multicoupler with throwaway modules 
is available from Orthonix, Inc. The 
multicoupler is designed for use in the 
audio frequency range of 25 cps to 
25,000 cps. It has unity gain and har- 
monic distortion of less than 2% at 
lv. out. The power supply consists of 
a transformer-coupled bridge rectifier 
designed to supply 12v. at 450 ma for 
the transistor circuits and the 10w 
Zener regulator. 

Circle No. 248 on Subscriber Service Card 


Synchro Sector Switch 


Mounted on the end of a size 8 
synchro, a sector switch which provides 
a closed circuit whenever the position 
of the synchro exceeds +70° from EZ 
is available from Clifton Precision Prod- 
ucts Co., Inc. Versatility of this design 
permits the switch angle to be selected 
for the application. Adding only 0.500 





inches in the overall synchro length, this 
unit finds applications wherever switch- 
ing is required in conjunction with 
synchro angular positions. 

Circle No. 249 on Subscriber Service Card 


Multiturn Limit Stop 


A miniature, servo-mounted limit 
stop, continuously variable from 0-42 
turns, is available from the Reeves In- 
strument Corp. An external adjustment 
control permits the stop range to be 
varied without the need for disassem- 
bling the unit or removing it from its 
mount. The SR 3341 Limit Stop has 
a torque rating of 40 ounce-inches, with 
a maximum starting torque of 0.04 
ounce-inches. 

Circle No. 250 on Subscriber Service Card 


Plotting Board 

A vertical/ horizontal plotting board 
which provides two simultaneous plots 
of any four independent voltages against 
time and is capable of tilting to a hori- 
zontal or vertical position has been de- 
signed by Milgo Electronic Corp. Desig- 
nated Model #1587, the unit is de- 
signed to operate with analog and digi- 





tal computers, coordinate converters, 
radars and other analog devices. Tilting 
of the plotting surface is accomplished 
electrically and can be activated during 
a plotting operation. Changes in the 
angular position of the plotting surface 
do not affect plotting performance. 
Circle No. 251 on Subscriber Service Card 


X Band CW Receiver 


AEL, Inc. has developed a small, 
self-contained (battery-operated) X Band 
CW Crystal video receiver which em- 
ploys video chopping. This receiver, the 
Model R115, is designed for direct con- 
nection to an antenna; by means of its 
built-in AEL Waveguide crystal mount, 
video chopper and chopper driver and 
video amplifier, it provides a d-c output 
proportional to the X Band signal input. 

Circle No. 252 on Subscriber Service Card 
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—rvames in the news 





GILSON 


S. W. Burriss: Named assistant general 
manager, Polaris missile system, and D. J. 
Gribbon assistant general manager, satel- 
lite systems—in Lockheed Missiles and 
Space Division, Sunnyvale, Calif. C. A. 
Foter, Jr., promoted to administrative head 
of satellite programs at Lockheed’s Van 
Nuys plant. 


George F. Emerich: Former assistant 
to the vice president, appointed manager 
of Rocketdyne’s Solid Propulsion Opera- 
tions, McGregor, Tex. 


Robert J. Gilson: Former director of 
systems management, named general man- 
ager of the Military Products Division, 
General Dynamics/Electronics, Rochester, 
N.Y 


George C. Tweed, Jr., and Charles F. 
McCabe: Appointed chief electronic engi- 
neer and chief electrical engineer, respec- 
tively, at Convair (Astronautics) Division 
of General Dynamics Corp., San Diego 


Capt. Sheldon W. Brown, USN (Ret.): 
Former assistant manager, named manager 
of Aerojet-General Corporation's Atlantic 
Division, Frederick, Md. 


Dr. R. A. Gudmundsen: Named direc- 
tor; Dr. Harvey Winston associate director; 
and F. G. Franciscus administrative man- 
ager of the newly-formed Quantum Elec- 
tronics Laboratories of Quantatron, Inc., 
Santa Monica, Calif. 


Dr. Mervin J. Kelly, Dr. Charles C. 
Lauritsen, Dr. Roger R. D. Revelle, Dr. 
Otte H. Schmitt, and Dr. William R. Sears: 
Appointed members of the Douglas Scien- 
tific Directorate established recently to as- 
sist Douglas Aircraft Co. in planning the 
basic and applied research programs of its 
space, missiles and aircraft systems of the 
future 


Allen J, Lovenstein: Former manager 
of market development and analysis, ap- 
pointed manager of the Advent satellite 
communications program at the Waltham 
Laboratories of Sylvania Electronic Sys- 
tems, a division of Sylvania Electric Prod- 
ucts, Inc. 
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LOVENSTEIN 








CANDELARIA 


M. M. Blair and M. J. Sargeant: Ap- 
pointed manager of development planning 
in the Advanced Programs Development 
Department and chief of surveillance, 
Command and Control Systems Research, 
respectively, for North American Avia- 
tion's Space and Information Systems Di- 
vision, Downey, Calif 


Laurence M. Silva: Named chief engi- 
neer of Electrosolids Corp., Los Angeles 
Prior to joining Electrosolids, Silva was 
manager of the technical staff on research 
and development at Beckman Systems 


Dr. James B. Rea: Appointed vice 
president and assistant general manager, 
technical, for Radioplane Division, North- 
rop Corp., Van Nuys, Calif. Formerly Dr 
Rea was manager of inertia guidance sys- 
tems and space, ballistic missile systems 
and advanced program development at 
Hughes Aircraft Co 


Harvey A. Frank: Joins Electro-Optical 
Systems, Inc., Pasadena, Calif., as a senior 
research chemist in the Advanced Power 
Systems Division. Armand R. Tanguay and 
Robert H. Dimond appointed scientists in 
the Advanced Electronics and Information 
Systems Division. 


Richard A. Campbell: Executive vice 
president of Pacific Semiconductors, Inc., 
and Dr. Ralph P. Johnson, vice president 
of Thompson Ramo Wooldridge, Inc., 
Electronics Group, elected members of the 
PSI Board of Directors. PSI is a subsidiary 
of Thompson Ramo Wooldridge. 


Joseph Kelley, Jr.: Former executive 
vice president, appointed president and 
general manager of Allied Research Asso- 
ciates, Inc., Boston, Mass. Kelley succeeds 
Lawrence Levy, who has accepted a gov- 
ernment post. 


Richard Candelaria: Named president 
and director of American Orbitronics 
Corp., Washington, D.C.; Joseph G. Ro- 
sales named vice president for production 
at Hawthorne, Calif., factory. 


David G. Ott: Former senior nuclear 
engineer, appointed manager of Applied 
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HAIDUCK 


Science Division, Internuclear Co., Clay- 
ton, Mo., a subsidiary of Petrolite Corp. 


Dr. James Marsh: Former president of 
Electronics Specialty Co., named manager 
of the Sensors Department of Aerospace 
Corp., El Segundo, Calif. 


Robert J. Brown: Former manager of 
marketing, named general manager of 
Heavy Military Electronics Department 
General Electric Co., Syracuse, ‘N.Y., suc 
ceeding John J. Farrell, who will be 
consultant to the vice president and gen 
eral manager of the Defense Electronics 
Division. 


Carl R. Wetterau: Joins Greer Hy 


draulics, Inc., Los Angeles, as assistant 
chief engineer. Formerly Wetterau was 
president of Flight Support, Inc., Me 
tuchen, N.J. 


Capt. Henry G. Munson, USN (Ret.): 
Joins the technical staff of Radio Cor- 
poration of America’s Advanced Military 
Systems, Defense Electronic Products, 
Princeton, N.J. Munson’s previous duty as- 
signments included senior submarine mem- 
ber of the Navy Board of Inspection and 
Survey conducting the acceptance trials 
and inspections of nuclear propulsion sub- 
marines, and systems director for Nuclear 
Weapon Development in the Bureau of 
Ordnance which developed the Astor and 
Asroc weapons. 


Andrew F. Haiduck: Former vice presi 
dent of manufacturing, appointed vice 
president and general manager of Lear, 
Inc.’s Astronics Division, Santa Monica, 
Calif. Prior to joining Lear, Inc., Haiduck 
served as general manager and director of 
the Experimental Guided Missile Division 
af Fairchild Airplane and Engine Co 
James P. Brown, former vice president and 
general manager of Lear’s Astronics Divi 
sion, appointed vice president and corpor 
ate director of marketing. 


Charles C. Kelber: Senior staff engineer 
in Northrop Corp.'s development planning 
office, named supervisor of military space 
systems at the company’s Norair Division 
Hawthorne, Calif. 
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Help Wanted 





METALLURGICAL 
MANAGER 


Metallurgical Manager—B.S.— 
M.S., with demonstrated adminis- 
trative and technical ability. Posi- 
tion involves managing and 
directing the activities of a modern 
metallurgical and welding labora- 
tory engaged in both the ferrous 
and nonferrous fields. This labora- 
tory performs an important func- 
tion in the operation of a large, 
integrated facility engaged in both 
product development and produc- 
tion activities. 

A Management position that offers 
a challenging responsibility for the 
individual interested in a western 
location. Send complete resume and 
requirements to: 

BOX 64 

Missiles & Rockets Magazine 
1001 Vermont Ave., N.W., Washington 5, D.C. 








M/R BUSINESS OFFICES 


Washingten 5, 0D.C.—1001 Vermont 
Avenve, NW; Sterling 3-5400 
Edward D. Muhifeld, Publisher ; 


New York 17, N.Y.—20 East 46 Street; 
YUkon 6-3900 
Pav! B. Kinney, Eastern Advertising 
Manager 
Paul N. Anderson 


Les Angeles, Californie—8929 Wilshire 
Bivd.; Oleander 5-916! 
James W. Claar, Western Advertising 
Manager 
Edwin J. Denker, Jr. 


Detroit 2, Michigan—412 Fisher Build- 
ing; TRinity 5-2555 
Kenneth J. Wells 


Chicago 2, Ilinois—139 N. Clark St.; 
Central 6-5804 
R. Lenn Franke, Jr. 


Dallas 24, Texas — 222 Wynnewood 
Professional Building 
John lL. Hathaway 


Miemi, Floride—208 Almeria Ave., 
Coral Gables 
Richard D. Hager 
London, W.1, England—28 Bruton 
Street; Grosvenor 8356 
Norall and Hart 
Geneva, Switzerland—10 Rue Grenus; 
Geneva 321044 
Paris, France—11 Rue Condorcet; TRU 
15-39 


| Frankfurt/Main, West Germany—fried- 
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Germans Eye Seacat 
(Continued from page 19) 





| divisions in East Germany and that the 


Soviets can call 125 reserve divisions 
into service within 30 days. 

The limited war problem was ex- 
pressed by West German General Erich 
Hampe in Wehr und Wirtschaft—“But 
because the ‘sword and shield’ NATO 
concept is based on nuclear counter- 
force, the NATO Command faces the 
dilemma of being the first to use the 
means of massive destruction, execrated 
by world opinion, or of conducting a 
(defensive) war more than doubtful 
with insufficient classical weapons.” 

Classical weapons here include non- 
nuclear rocket vehicles or any non- 
nuclear missile system proficient enough 
to accurately neutralize tactical or 
strategic targets. 

Dr. Adenauer and Defense Minister 
Strauss have consistently supported the 
U.S. policy of building a strong strategic 
nuclear deterrent to prevent attrition of 
NATO forces by the Communists as 
well as to daunt any all-out surprise 
nuclear attack on any NATO member. 

They are augmenting “classical” 
missile striking power on land and in 
the Baltic, where the “Ostseeflotten” of 
East Germany, Poland and Russia is 
active and where Communist naval 


| power is linked to the “sleeping” Soviet 


Arctic Fleet by the Belomorsko-Beltiy- 
skiy Canal. 
The West Germans believe a strong 


American Society of Mechanical Engineers, 
Statler-Hilton Hotel, Los Angeles, June 
11-15. 

Third National Symposium on Radio Fre- 
quency Interference, Institute of Radio 
Engineers, Sheraton Park Hotel, Wash- 
ington, D.C., June 12-13. 

Instrument Society of America, Third In- 
ternational Symposium on Gas Chrom- 
atography, Michigan State University; 
East Lansing, June 13-16. 

Joint ARS-IAS Meeting, Ambassador 
Hotel, Los Angeles, June 13-16. 

American Society of Mechanical Engineers, 
Applied Mechanics Conference, [llinois 
Institute of Technology, Chicago, June 
14-16. 

American Rocket Society, Semiannual 
Meeting, Biltmore Hotel, Los Angeles, 
June 14-17. 


American Society for Testing Materials, 


Annual Meeting, San Francisco, June 
16-21. 











NATO missile strike shield—tland-based | 


and offshore—will deter local 


Com- | 


munist aggression to the point of lend- | 
ing credibility to the idea that a land | 


war will be won by the West. 

Russia, significantly, has been more 
violent in criticizing West German de- 
fense efforts than those of other NATO 
allies. 

Last week’s German procurement of 
Seacat missiles is believed to be a step 
in the direction of deterring Russian 
plans for aggression at all levels. 33 


—when and where— 


American Society for Quality Control, 
Annual Convention, Sheraton Hotel, 
Philadelphia, June 5-7. 

International Instrument Automation Con- 
ference and Exhibit, Instrument So- 
ciety of America, Royal York Hotel, 
Toronto, Canada, June 5-8. 

National Electrical Manufacturers Associa- 
tion, Western Conference. Biltmore 
Hotel, Los Angeles, June 8-9. 

Manufacturing Chemists Association, 89th 
Annual Meeting, The Greenbrier, White 
Sulphur Springs, W.Va., June 8-10. 

European Federation of Chemical Engi- 
neering, Thirtieth Meeting, Frankfurt- 
am-Main, Germany, June 9-17. 
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Harsh Decision at Paris 


HE BIENNIAL PARIS AIR SHOW, in addition 

to being always a colorful event, is one of the 
best sales showcases in Europe for American prod- 
ucts. For that reason, more than 15 major U.S. 
manufacturers set up exhibits at the show which has 
just ended 

As usual, it was a successful exhibition, attract- 
ing top engineers and military officials from through- 
out the world, Some 14 nations displayed their wares 
in more than 300 exhibits. 

We must admit, therefore, that we are more than 
puzzled at the State Department edict which forced 
the U.S. missile industry to take a back seat at the 
show. intent of the decision, as we understand it, was 
to emphasize U.S. devotion to “peaceful” uses of 
space. 

Result of the decision was to make the Free 
World's foremost missile industry appear a bad third 
to Britain and France, which are years behind this 
country in missile developments. 

The effect of this on U.S. sales efforts in Europe 
is hard to measure but it certainly did them no good 
A number of industry executives, engaged in compe- 
tition with European rivals for NATO awards, quite 
rightly are concerned about this sabotage of their 
sales campaigns. 

Let's take a look first at why the Administration 
reached this decision, which we are told came from 
the highest levels. President Kennedy, now in Europe 
for talks with General de Gaulle and Premier 
Khrushchev, apparently wanted to soft-pedal the 
more aggressive aspects of the U.S. armament effort 

The edict prohibited display of any U.S. offensive 
missiles or any models of these larger than half- 
scale. It came in the middle of industry and military 
plans for an impressive U.S. missile display at Paris 

Illogically, there was no ban on appearance at 
the show of the Convair B-58 bomber, Lockheed 
F-104 or Navy attack aircraft. The reasoning under 
which these presumably were considered “peaceful” 
while missiles were not, was not explained 

From a political standpoint, we cannot quite 
understand the advantage of going into talks with 
Premier Khrushchev carrying a soft stick. He is a 
man with little respect for anything but a balance-of- 
power approach. 

But it is not the political approach with which 
we are concerned here. It is the effect on the com- 
petitive position of U.S. missile/space firms in 
Europe. If there were a sound reason for the dam- 
age done, U.S. firms certainly would go along with 
it without objection. But it appears to have been 
done without a sound reason. 

We are not going to fool anyone, certainly not 


the Russians, by pretending we don't manufacture 
and sell offensive tactical missiles. That's a little too 
naive and idealistic for the most gullible to stomach. 

What then has been the effect? Let’s look at a 
specific case. The Martin Co. has been engaged in 
a sales fight with Nord Aviation to sell the Bullpup 
to NATO against the AS-30 air-to-surface weapon 
A decision is due this month. 

Nord displayed its AS-30 at Paris, was quite open 
with design details and performance figures. Nord 
officials were quick to emphasize the comparative 
advantages of AS-30 over Bullpup. Nord’s position 
in this was entirely honorable; it is trying to sell its 
product to NATO countries and was quite frank 
about its sales pitch. 

The Martin Co., on the other hand, found itself 
in the distressing position of having to compete with 
not one, but both hands, tied by the U.S. government 

First, it was unable to display even its early 
Bullpup A missile at Paris. Second, it was in a posi- 
tion where it could not even counter rumors about 
Bullpup performance without breaching security. 


HIS IS NOT an isoiated instance. No matter what 

the missile product, foreign manufacturers invari- 
ably have a huge lead in presenting the customer 
with enough data for decision-making. If we are 
willing to make these weapons available to Allied 
countries, we should be prepared to make the infor- 
mation available in advance on which they can make 
intelligent purchasing decisions. Any other method 
is a needless handicap which benefits only the Euro- 
pean competitors of the U.S. missile/space industry. 

This complaint does not come solely from the 
American manufacturers. While U.S. military and 
government spokesmen were going out of their way 
at Paris to emphasize the technical flow of knowl- 
edge which the U.S. is providing to Europe, French 
and British industry representatives were complain- 
ing privately at the lack of information from this 
country. 

We heard strong objections from an executive of 
one European subsidiary on the restrictions placed on 
information from its U.S. parent firm. 

Certainly, there are sound reasons for protecting 
the flow of classified information out of this country 
But it is apparent from U.S. government actions at 
Paris, and from feelings voiced there, that unneces- 
sary red tape and arbitrary decisions are hampering 
both the sales efforts of U.S. missile/space firms 
abroad and the advancement of the Allied technical 
defense effort. 


William J. Coughlin 
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To keep pace with Ohio’s dynamic growth, 
the state’s eight investor-owned electric power 
companies will spend three billion dollars in 
the coming decade to double capacity. As 
much new generating capacity will be pro- 
vided in the next ten years as was built in 
the past seventy-five. 

If you are seeking a plant site, these facts 
are important for two reasons. First, this is 
solid indication of the confidence electric util- 
ities have in Ohio’s future growth. Second, 


Koder M. Collison, Director 


State of Ohio, Department of 
Industrial and Economic Development 


7OO Bryden Road Columbus 15, Ohio 














VOTE OF 
CONFIDENCE 


in the future of OHIO 





you can be sure there will be plentiful, de- 
pendable electric power for your industry. 
Today, Ohio’s generating capacity is 10.6 mil- 
lion kilowatts, and this state is the number 
one user of electric power in the nation. 


Additional information detailing vital plant 
site factors is yours for the asking. Send the 
coupon below on your letterhead for two new 
booklets of solid facts: Statistical Abstract of 
Ohio: 1960 and Ohio, The Growth State. 








Please Send: 
C] Statistical Abstract of Ohio: 1960 
[] Ohio, The Growth State brochure 
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Engineers, scientists — investigate outstanding opportunities at Aerojet 











